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2. GENERAL THEORY

THE TECHNICAL STORY OF THE FREQUENCIES

B. G. Lamme Vol. xxxvii-1918, pp. 66-85

The various frequencies used in alternating-current work in America
are first mentioned, and the primary reasons for their introduction are
given. This is followed by a discussion of various alternating current
applications which were more or less dependent upon frequency.

It is shown that there was an -apparent need for two standard fre-
quencies in the region of 60 and 25 cycles, and, further, why 60 and 25
cycles have prevailed. The special fields of application of each one are
discussed fully and it is shown why 25 cycles tended to dominate the field.

Discussion, pages 86-89, by Messrs. H. B. Brooks, B. G. Lamme,
G. S. Mc Cumber, R. Dalgleish and Mr. Hunt.
A general discussion.

SOME APPLICATIONS OF ELECTROMAGNETIC THEORY TO MATTER

A. C. Crehore Vol. xxxvii-1918, pp. 261-293

A Lecture.
No discussion

COMMUTATION IN ALTERNATING-CURRENT MACHINERY
Marius C. A. Latour Vol. xxxvii-1918, pp. 355-381

The author introduces into the discussion of the commutating charac-
teristics of alternating-current commutating motors, his theory that
perfect commutation in a continuous-current motor depends substantially
on the production of a mean resultant neutral field in the region where
commutation is taking place, and shows that the production of a perfect
revolving field in a polyphase commutator motor assists in insuring
perfect commutation at exact synchronism.

In a single-phase commutator motor a "polyphase" revolving field can
be produced at synchronism by utilizing supplementary brushes, short-
circuited upon themselves, displaced by 90 electrical space degrees from
the main single-phase brushes on the commutator.
As in the case of polyphase motors, the problem of securing perfect

commutation at synchronism becomes that of producing a perfect rotating
field. It is shown by the author that the use of fractional-pitch windings
on the rotor and a sinusoidal distribution of conductors on the stator is of
much assistance in this connection.

Discussion (including that of papers by W. C. K. Altes and V. Kara-
petoff), pages 379-389, by Messrs. A. M. Gray, P. M. Lincoln, C. F.
Scott, W. C. K. Altes, H. M. Hobart, B. A. Behrend, W. B. Jackson and
V. Karapetoff.
A general discussion.
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NO-LOAD CONDITIONS OF SINGLE-PHASE INDUCTION MOTORS AND PHASE
CONVERTERS

R. E. Hellmund Vol. xxxvii-1918, pp. 539-626

This paper shows methods and derives formulas for the determination
of the fields, the stator and rotor magnetizing currents, and the tertiary
voltages for phase converters and single-phase induction motors at
no-load. This paper treats a large number of different cases along
similar lines, thereby coordinating and explaining many phenomena
previously observed, and it should, therefore, form a desirable basis for
further investigations and discussion of this subject matter.
The paper is arranged so that it can be read to good advantage without

going through those mathematical parts marked by vertical rules.
By reading the conclusions at the end of the paper, a fair idea of the

principal points brought out in the paper can be obtained.
Discussion incorporated with that of paper by B. G. Lamme on "A

Physical Conception of the Operation of the Single-phase Induction
Motor."

A PHYSICAL CONCEPTION OF THE OPERATION OF THE SINGLE-PHASE
INDUCTION MOTOR

B. G. Lamme Vol. xxxvii-1918, pp. 627-658

This paper covers a method of studying the actions of the single-phase
induction motor, which the writer has found to be very convenient from
the educational standpoint. It is based upon the assumption of two
equal and oppositely rotating primary magnetomotive forces combined
with a synchronously rotating secondary m. m. f., such as would be
produced by direct-current excitation. Diagrams and descriptions are
given to illustrate the magnetomotive forces and fluxes, showing how,
among other conditions, two oppositely rotating fields of unequal value
may be possible.
The next step is a consideration of e. m. f. generation by two oppositely

rotating fields, showing how both must be taken into account. The
effects upon the counter e. m. f. and excitation, of the reduction or suppres-
sion of one field is shown.
The full-load conditions are next considered. A comparison is made

between a two-motor unit, consisting of two similar polyphase motors
coupled together and connected for opposite rotation, and the straight
single-phase induction motor. This is followed by a considerable amount
of test data which illustrate the principles and actions described in the
paper.

Discussion, (including that of paper by R. E. Hellmund), pages 659-702,
by Messrs. J. Slepian, C. Fortescue, C. A. M. Weber, G. H. Garcelon,
R. E. Hellmund, A. M. Dudley, B. G. Lamme, M. I. Pupin, E. F. W.
Alexanderson, B. A. Behrend, L. W. Chubb, A. M. Gray, C. F. Scott and
S. Haar.
A general discussion on theory.

METHOD OF SYMMETRICAL CO-ORDINATES APPLIED TO THE SOLUTION
OF POLYPHASE NETWORKS

C. L. Fortescue Vol. xxxvii-1918, pp. 1027-1115

In the introduction a general discussion of unsymmetrical systems of
co-planar vectors leads to the conclusion that they may be represented by
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symmetrical systems of the same number of vectors, the number of
symmetrical systems required to define the given system being equal to
its degrees of freedom. A few trigonometrical theorems which are to be
used in the paper are called to mind. The paper is subdivided into three
parts, an abstract of which follows. It is recommended that only that
part of Part I up to formula (33) and the portion dealing with star-delta
transformations be read before proceeding with Part II.

Part I deals with the resolution of unsymmetrical groups of numbers
into symmetrical groups. These numbers may represent rotating vectors
of systems of operators. A new operator termed the sequence operator
is introduced which simplifies the manipulation. Formulas are derived
for three-phase circuits. Star-delta transformations for symmetrical
coordinates are given and expressions for power deduced. A short dis-
cussion of harmonics in three-phase systems is given.

Part II deals with the practical application of this method to sym-
metrical rotating machines operating on unsymmetrical circuits. General
formulas are derived and such special cases, as the single-phase induction
motor, synchronous motor-generator, phase converters of various types,
are discussed.

Discussion, pages 1116-1140, by Messrs. J. Slepian, C. P. Steinmetz,
V. Karapetoff, A. M. Dudley, C. F. Scott, C. 0. Mailloux and C. L.
Fortescue.
A general discussion emphasizing certain mathematical methods of

simplifying the author's methods.

SUSTAINED SHORT-CIRCUIT PHENOMENA AND FLUX DISTRIBUTION OF

SALIENT-POLE ALTERNATORS

N. S. Diamant Vol. xxxvii-1918, pp. 1141-1202

It shown in Section IV that with the ordinary field forms met with in
practise, the resultant flux wave under s. s. c. (sustained short-circuits)
will be extremely distorted, see Figs. 16, (4th wave) 23, 27, 27A, etc., for
the simple reason that with the very low voltages obtained under such
conditions, the fundamental of the B-curve of the field is reduced so much
by the armature reaction that the higher harmonics assume a very
predominant r6le and become several hundred per cent of the s. s. c.
fundamental. See Fig. 26 and Tables XI, XII, and XIII.
As a corollary to the foregoing it is found that the B-curve under load

will not differ radically from the no-load field form since the fundamental
will remain large enough to hold its own. See Fig. 22 and also footnote
(4). The cross magnetizing effect of the armature reaction is, of course,
to make the B-curve unsymmetrical with respect to the mid-pole axis.
Compare Figs. 7 and 22.
The magnetic oscillations are studied not only by means of full-pitch

stator coils but also by means of rotor coils No. 7 and 8, Fig. 3, and stator
coils No. 9, 10, 11, 12, 15, and 16, Figs. 3 and 3A.

Discussion, pages 1203-1208, by Messrs. F. D. Newbury, R. E. Doherty,
W. F. Dawson, C. M. Davis and N. S. Diamant.
A discussion involving criticisms of author's solution of short-circuit

phenomena.
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REACTANCE OF SYNCHRONOUS MACHINES AND ITS APPLICATIONS

R. E. Doherty and 0. E. Shirley Vol. xxxvii-1918, pp. 1209-1297

Part I treats of the calculation and application of the armature self-
inductive reactance of synchronous machines. A short, reliable method
is given in the form of curves, making the calculation from design sheet
data a matter of a few minutes.
An approximate, but convenient, method of applying the armature

reactance in the calculation of field excitation under load is given in
Appendix C.

In Part II it is shown that the initial short-circuit current of synchronous
machines is determined not only by the armature self-inductive reactance,
as is often assumed, but also by the field self-inductive reactance. Neg-
lecting the field reactance in calculation may give a calculated short-
circuit current 50 per cent or more, too high. A formula is derived for
calculating the field reactance which, added to the armature reactance,
gives the total which determines the initial short-circuit current and which
it is proposed should be called, as previously recommended by other
authors, transient reactance.
An attempt is made to describe the apparently complicated physical

phenomena of sudden short circuits in terms as free as possible from
mathematics. One interesting and imnportant point which the authors
establish from the physical interpretation of the problem is that there is
a very significant rise in flux at the bottom of the pole at short circuit.

Discussion, pages 1298-1340, by Messrs. C. J. Fechheimer, V. Kara-
petoff, F. D. Newbury, W. F. Dawson, C. L. Fortescue, H. R. Summer-
hayes, N. S. Diamant and R. E. Doherty.
A discussion involving a listing of various methods of determining

reactance and their feasibility.

SKIN EFFECT IN TUBULAR AND FLAT CONDUCTORS

H. B. Dwight Vol. xxxvii-1918, pp. 1379-1400

A method is presented for calculating the skin effect resistance ratio of
a tube, which is a form of conductor to be recommended for high-frequency
work. A formula is also developed by means of which the asymptote to
the curve of the ratio R'/R may be drawn, and thus the magnitude of the
skin effect at extremely high frequencies may be obtained.
The values of the ratio R'/R for tubes of various thicknesses, are

plotted in a set of curves which may be used for the solution of practical
problems.
A similar method is described for the calculation of skin effect in a thin

strap. A set of empirical curves for -straps is given from which approxi-
mate values of R'/R for any case may be read.

Discussion, pages 1401-1403, by Messrs. J. Slepian and H. B. Dwight.
A discussion on the value of authors deductions with further deductions

by the author.

CRITICAL REVIEW OF THE BIBLIOGRAPHY ON UNBALANCED MAGNETIC

PULL IN DYNAMO-ELECTRIC MACHINES

Alexander Gray and J. G. Pertsch, Jr. Vol. xxxvii-1918, pp. 1417-1424

The purpose of this paper is to serve as an introduction to the succeeding
comprehensive article by Mr. E. Rosenberg, on the subject of Magnetic
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Pull in Electric Machines. The Maxwell equation, upon which all of the
formulas for unbalanced magnetic pull are based, is first established. A
critical review is then given of the articles pertaining to thiF subject, which
have aypeared in the technical press to date. It is pointed out wherein
the various expressions which have been proposed differ from one another
and to what extent they are consistent.
No discussion.

MAGNETIC PULL IN ELECTRIC MACHINES

E. Rosenberg Vol. xxxvii-1918, pp. 1425-1469

See abstract of preceding paper.
No discussion.

APPLICATION OF HARMONIC ANALYSIS TO THE THEORY OF SYNCHRONOUS
MACHINES

Waldo V. Lyon Vol. xxxvii-1918 pp. 1477-1518

It is shown that the flux distribution in the airgap of a synchronous
machine consists of a series of component distributions that are simple
harmonic wave trains, either stationary or moving at constant velocities.
Methods are suggested for determining the eftects of slots and the satura-
tion of the magnetic circuit on the magnitudes of these component dis-
tributions. Expressions for the voltage generated and the power devel-
oped thereby are given. The theory is applied to the operation of a
three-phase, synchronous machine under different conditions of load, both
qualitatively and quantitatively. A table of comparative calculated
field currents is appended.

Discussion, pages 1514-1517, by Messrs. N. S. Diamant and W. V. Lyon.
General discussion.

3. UNITS, MEASUREMENTS AND INSTRUMENTS

A NEW STANDARD OF CURRENT AND POTENTIAL

Chester T. Allcutt Vol. xxxvii-1918, pp. 167-173

This paper describes a new secondary standard which.is proposed as a
substitute for the standard cell in certain classes of d-c. measurements.
The device consists of a Wheatstone bridge which will balance for but one
value of current.

Various factors affecting the accuracy and permanence of the device
are discussed and a number of curves are given showing the characteristics
which have been obtained.

Discussion incorporated with that of paper by C. A. Hoxie on "A
Thermoelectric Standard Cell."

A THERMOELECTRIC STANDARD CELL

C. A. Hoxie Vol. xxxvii-1918, pp. 175-182

This paper considers a means of obtaining a secondary standard of
e. m. f. by utilizing the e. im-. f. of a thermocouple. The construction of
the cell is discussed in detail, particularly the use of gas in the bulb.
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A review of the characteristics brings out several advantages of the
thermoelectric standard cell. The results of permanency tests on a
number of cells are shown.

Discussion, (including that of paper by C. T. Allcutt), pages 183-188,
by Messrs. C. H. Sharp, F. C. Stockwell, W. B. Kouwenhoven, P. G.
Agnew, C. T. Allcutt, C. A. Hoxie and A. C. Campbell.
A discussion covering the making of a practical substitute for the

standard cell and other efforts to obtain a standard e. m. f.

THE CHARACTER OF THE THERMAL STORAGE DEMAND METER

P. M. Lincoln Vol. xxxvii-1918, pp. 189-410

Following a detailed description of the principle and construction of
the thermal storage demand meter the author shows wherein it always
indicates what may be called "logarithmic average" rather than "arith-
metic average" of power consumption, heretofore indicated by practically
all demand meters. The inherent faults of the "arithmetic average" or
"block interval" meter are described and examples given demonstrating
that the thermal storage meter alone recognizes the true heating effect
that fixes size of equipment and therefore cost that should be assessed
against the customer.

Discussion, pages 211-219, by Messrs. C. I. Hall, F. V. Magalhaes,
G. L. Hoxie, W. H. Pratt, M. G. Lloyd, A. S. Albright, H. D. James,
H. L. Wallau and P. M. Lincoln.

This discussion consists of arguments from several viewpoints, for and
against the thermal storage demand meter and its method of measuring
current.

MEAStUREMENT OF POWER LOSS IN DIELECTRICS OF THREE-CONDUCTOR
HIGH-TENSION CABLES

F. M. Farmer Vol. xxxvii-1918, pp. 221-241

This paper describes the method used at the Electrical Testing Labora-
tories for measuring the dielectric power losses in 10-foot samples of
three-conductor cables with three-phase potential applied to the cable.
The difficulties encountered and the methods employed to overcome them
are discussed in considerable detail. Typical results are given in the
form of data for two specimens of cable, one having a low power loss in
the dielectric and one having a high power loss in the dielectric. The
data are also presented in the form of curves. Various conclusions are
drawn.

Discussion, pages 242-260, by Messrs. H. W. Fisher, R. W. Atkinson,
C. W. Davis, D. Du Bois, G. B. Shanklin, J. L. Harper, W. H. Cole,
L. L. Elden, J. A. Walton, P. Torchio, F. W. Peek, Jr., M. G. Lloyd,
J. R. Craighead, C. A. Adams and F. M. Farmer.
A discussion covering various methods in vogue at laboratories and

power companies for measuring and reducing dielectric power losses
with consequent increase of cable capacity.
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THE SECOMOR

A KCinematic Device Which Imitates the Performance of a Series-Wound Polyphase
Commutator Motor.

V. Karapetoff Vol. xxxvii-1918, pp. 329-354

The device consists of four bars of adjustable useful length and with
adjustable angles. These bars can be set in a combination to represent
the vector diagram of voltages in a motor with any desired constants.
By moving the bars to vary the load, complete performance characteris-
tics of the motor can be obtained, including the speed, the torque, the
power factor, etc. An additional device called the impedometer permits
to take into account the impedance drop in the machine. An adjustable
saturation curve made of soft wire is used in connection with the secomor,
to enable one to investigate the effect of saturation. A brief graphical
theory of the motor precedes the description of the secomor to make its
action understandable.

Discussion incorporated with that of paper by Marius C. A. Latour on
"Commutation in Alternating-Current Machinery."

PRE-CHARGED CONDENSERS IN SERIES AND IN PARALLEL

V. Karapetoff Vol. xxxvii-1918, pp. 1015-1023

A condenser is charged from a source of direct voltage, and then is used
as a booster in series with this source to charge another condenser. By
repeating this process a large number of times the second condenser is
finally subjected to twice the voltage of the source. This is the principle
of the Delon apparatus for testing cables, and is explained in a numerical
example. Then the more general case of two or more "pre-charged"
condensers in series is considered, when these condensers are connected
to some source of direct voltage; it is shown how to determine the final
distribution of voltages among them. A similar problem is solved for
pre-charged condensers in parallel. Finally a general network of pre-
charged condensers is considered, and equations are derived similar to
Kirchoff's laws, from which the final distribution of voltages and charges
may be computed knowing the initial distribution.

Discussion, pages 1024-1025, by Messrs. C. 0. Mailloux. L. W. Chlubb,
WV. V. Lyon and V. Karapetoff.
A general discussion.

SKIN EFFECT IN TUBULAR AND FLAT CONDUCTORS

H. B. Dwight Vol. xxxvii-1918, pp. 1379-1400

A method is presented for calculating the skin effect resistance ratio of
a tube, which is a form of conductor to be recommended for high-frequency
work. A formula is also developed by means of which the asymptote to
the curve of the ratio R'IR may be drawn, and thus the magnitude of the
skin effect at extremely high frequencies may be obtained.
The values of the ratio R'IR for tubes of various thicknesses, are

plotted in a set of curves which may be used for the solution of practical
problems.
A similar method is described for the calculation of skin effect in a thin
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strap. A set of empirical curves for straps is givren from which approxi-
mate values of R'/R for any case may be read.

Discussion, pages 1401-1403, by Messrs. J. Slepian and H. B. Dwight.
A discussion on the value of authors deductions with further deductions

by the author.

4. INSULATION AND DIELECTRIC PHENOMENA

CORONA TESTS AT HIGH ALTITUDE

B. F. Jakobsen Vol. xxxvii-1918, pp. 91-108

This paper describes some corona tests which were made in Peru on a
70-mile transmission line located at an average altitude of 13,300 feet.
The voltages range from 40,000 to about 72,000. The method employed
in the tests is described and the calculations are given. The results are
compared to "Peek's law." Close correspondence is found between these
tests and those made by Faccioli on the Shoshone-Leadville line.

It is shown that the results are in good agreement with the formulas
deduced by Professor Ryan from extensive laboratory tests.

Finally test data are given for a test made during rainy weather.
Discussion, pages 109-122, by Messrs. F. W. Peek, Jr., H. J. Ryan and

B. F. Jakobsen.
A general discussion.

MEASUREMENT OF POWER LOSS IN DIELECTRICS OF THREE-CONDUCTOR
HIGH-TENSION CABLES

F. M. Farmer Vol. xxxvii-1918, pp. 221-241

This paper describes the method used at the Electrical Testing Labora-
tories for measuring the dielectric power losses in 10-foot samples of
three-conductor cables with three-phase potential applied to the cable.
The difficulties encountered and the methods employed to overcome them
are discussed in considerable detail. Typical results are given in the
form of data for two specimens of cable, one having a low power loss in
the dielectric and one having a high power loss in the dielectric. The
data are also presented in the form of curves. Various conclusions are
drawn.

Discussion, pages 242-260, by Messrs. H. W. Fisher, R. W. Atkinson,
C. W. Davis, D. Du Bois, G. B. Shanklin, J. L. Harper, W. H. Cole,
L. L. Elden, J. A. Walton, P. Torchio, F. W. Peek, Jr., M4. GT. Lloyd.
J. R. Craighead, C. A. Adams and F. M. Farmer.
A discussion covering various methods in vogue at laboratories and

power companies for measuring and reducing dielectric power losses
with consequent increase of cable capacity.

APPLICATION OF THEORY AND PRACTISE TO THE DESIGN OF TRANS-

MISSION LINE INSULATORS
G. I. Gilchrest Vol. xxxvii-1918, pp, 805-824

The paper first gives a summation of the items that are apparently the
main causes of pin-type insulator failures in service. Each item is
briefly discussed and the opinions of operating men are cited.
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A brief description is given of the method used to determine the form
of the dielectric field about porcelain insulators under normal line voltage.
Diagrams of the dielectric field and photographs of flash over tests of
theoretical designs are shown. Necessary modifications of the theoretical
designs, in order to meet operating and manufacturing conditions, are
discussed.

In the latter part of the paper, diagrams and illustrations are shown of
a proposed type of commercial insulator design which has been evolved
by linking together the theoretical and practical phases of the problem.
A comparison is then made between the older types of design and the
proposed type.
A summary is made of the advantages it is believed that the new type

of design has over the present commercial insulator designs.
Discussion, pages 825-832, by Messrs. C. Fortescue, C. F. Scott,

V. Karapetoff, L. W. Chubb, S. Barfoed and G. I. Gilchrest.
A general discussion on insulator design with special emphasis on

porosity, refraction of lines of force, etc.

LIGHTNING ARRESTER SPARK GAPS

THELR RELATION TO I-HE PROBLEM OF PROTECTING AGAINST IMPULSE VOLTAGES

Chester T. Allcutt Vol. xxxvii-1918, pp. 833-854

This paper describes a new form of high-voltage lightning arrester gap
which has been called the "impulse protective gap".
The paper opens with a brief resume of some of the results of previous

investigations of the subject of impulse voltages. A discussion of the
points involved in securing adequate protection against transient voltages
of steep wave front follows.
Methods employed in testing these gaps are described and the results

of a large number of experiments are tabulated. Tests on the action of
a high-frequency impulse combined with a 60-cycle wave are included in
the experimental work. From the experimental data a number of curves
are plotted showing the discharge characteristics of the impulse protective
gap under many different conditions.

Discussion, pages 855-869, by Messrs. P. M. Lincoln, F. W. Peek, Jr.,
P. H. Thomas, L. W. Chubb and C. T. Allcutt.
A general discussion of the apparatus designed by Allcutt and also the

theory of over-voltages that cause insulation failures.
THE OXIDE FILM LIGHTNING ARRESTER

Charles P. Steinmetz Vol. xxxvii-1918, pp. 871-O80

A short history of lightning protection of electric systems is given, as
relating to the three successive types of electric circuits; the communica-
tion circuits, the power circuits of negligible electrostatic capacity, and
the high power circuits containing distributed capacity and inductance
and capable of electric oscillation, leading to the three problems of dis-
charging over-voltage to ground, opening the power current which follows
the discharge and discharging so that no power current follows even for a
fraction of a half wave. It is shown that these problems are solved by
the spark gap to ground, by the use of non-arcing metals in the multigap
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arrester, which opens the circuit at the end of a half wave of current, and
by the so-called "counter e. m. f." type of arrester, represented by the
aluminum cell and the oxide film arrester.

In the oxide film arrester a type of arrester is presented which has the
same characteristics and therefore the same advantages as the aluminum
cell arrester, but does not require daily attendance and contains no liquids.

Its method of operation is explained, and its difference from the alumi-
num cell arrester.
A short description of the construction of the oxide film arrester is

given, a record of its operation in industrial service for over three years,
and oscillograms showing the performance of this arrester under recur-
rents, oscillations and under high-power impulses.

Discussion incorporated with that of paper by Crosby. Field on "The
Oxide Film Lightning Arrester."

THE OXIDE FILM LIGHTNING ARRESTER

Crosby Field Vol. xxxvii-1918, pp. 881-890

The oxide film arrester is a new type of lightning arrester made up of a
film of insulation in contact with a conducting powder. Upon the
application of over-voltage, the insulation will be pierced, but the powder
will very rapidly turn into insulation and plug any holes punctured in
the original insulation by the over-voltage, thus forming in substance a
resealing insulation. A brief description of this arrester is given together
with the principles underlying its action and a comparison with other
types of lightning arresters. Mention is also made of other characteristics
of this combination which are not used in the present arrester, but which
are being applied in other developments. A few notes of tests on the
commercial arrester complete this paper. With the exception of the
basic patents issued to the author this is the first time any disclosure has
been made of this arrester.

Discussion (including that of paper by C. P. Steinmetz), pages 891-896,
by Messrs. C. P. Steinmetz, N. A. Lougee, L. W. Chubb and C. T. Allcutt.
A general discussion.

5. ELECTRIC CONDUCTORS

MEASUREMENT OF POWER LOSS IN DIELECTRICS OF THREE-CONDUCTOR
HIGH-TENSION CABLES

F. M. Farmer Vol. xxxvii-1918, pp. 221-241

This paper describes the method used at the Electrical Testing Labora-
tories for measuring the dielectric power losses in 10-foot samples of
three-conductor cables with three-phase potential applied to the cable.
The difficulties encountered and the methods employed to overcome them
are discussed in considerable detail. Typical results are given in the
form of data for two specimens of cable, one having a low power loss in
the dielectric and one having a high power loss in the dielectric. The
data are also presented in the form of curves. Various conclusions are
drawn.
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Discussion, pages 242-260, by Messrs. H. W. Fisher, R. W. Atkinson,
C. W. Davis, D. Du Bois, G. B. Shanklin, J. L. Harper, W. H. Cole,
L. L. Elden, J. A. Walton, P. Torchio, F. W. Peek, Jr., M. G. Lloyd,
J. R. Craighead, C. A. Adams and F. M. Farmer.
A discussion covering various methods in vogue at laboratories and

power companies for measuring and reducing dielectric power losses
with consequent increase of cable capacity.

DESIGN OF UNDERGROUND DISTRIBUTION FOR ELECTRIC LIGHT AND
POWER SYSTEMS

G. J. Newton Vol. xxxvii-1918, pp. 399-449

In a previous paper presented at the 10th Annual Convention of the
Association of Iron and Steel Electrical Engineers the author treated the
subject only in a general manner; the object of this article is to show,
assuming average conditions, each step necessary in the design of an
underground distribution system, such as is usually required in a medium
size city.
Where costs are given they are based on normal conditions and should

not be taken as being the present costs, they are used simply for compari-
son.
Owing to lack of space no tables have been printed in this article as

they can be found in electrical handbooks.
Discussion, pages 450-461, by Messrs. A. A. Meyer, C. W. Rakestraw,

H. L. Wallau, E. Friedlaender, E. B. Meyer, W. Sykes, F. M. Hibben and
G. J. Newton.
A general discussion involving description of variations from practise

as described by the author and arguments on the question of varnished
cambric vs. paper insulated cables.

SPLIT-CONDUCTOR CABLE-BALANCED PROTECTION

W. H. Cole Vol. xxxvii-1918, pp. 757-784

Primarily, this paper is intended to be a brief history of the principal
experiences of the Edison Electric Illuminating Company of Boston in
the design and application of selective balanced-protection schemes to
parallel connected transmission conductors.

Split-conductor cables are discussed at considerable length, both as to
design and operation. Paired ordinary conductors also are discussed,
and their relation to so-called split-conductors pointed out.

Special apparatus and devices required in connection with current-
balancing schemes are illustrated and discussed.-
A partial nomenclature is proposed, to assist in clearing the way for

intelligent discussion and a uniform understanding of the general subject
of current-balance protection for paired conductors.
A schedule of installations in the Boston system is given.
No general conclusions are drawn since the paper is of the nature of a

report on progress; specific conclusions are drawn, however, in a number
of cases where the evidence or experience appears to be reasonably
conclusive.
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A mathematical discussion of a number of reactive end-impedance
devices, by Professor C. A. Adams, is appended.

Discussion, pages 785-790, by Messrs. J. B. I'aylor, W. H. Cole, W. A.
Del Mar, P. M. Lincoln, E. B. Meyer, R. W. Atkinson, J. R. Craighead
and 0. C. Traver.
A discussion on various factors involved in cable installations.

AERIAL CABLE CONSTRUCTION FOR ELECTRIC POWER TRANSMISSION
E B. Meyer Vol. xxxvii-1918, pp. 791-800

This paper deals with the problem of supplying high-tension electric
service where conditions do Inot permit of the use of open wire or under-
ground circuits.
The methods of overcoming .difficulties incidental to providing for

high-tension service are discussed in detail, together with a description
of the types of cable used and methods of installation.
The experience of a large central station company operating several

hundred miles of overhead and underground cable is given and the paper
brings out the fact that the type of construction described may be used
advantageously for both 13,200- and 26,400-volt service.

Discussion, pages 801-803, by ?VIessrs. W. F. Dawson, E. B. Meyer,
H. L. Wallau, W. A. Del Mar, J. B. Taylor, P. Torchio, J. A. Johnson and
H. R. Summerhayes.
A general discussion.

SKIN EFFECT IN TUBULAR AND FLAT CONDUCTORS
H. B. Dwight Vol. xxxvii-1918, pp. 1379-1400

A method is piesernted for calculating the skin effect resistance ratio of
a tube, which is a fornm of conductor to be recommende(d for high-frequeincy
werk. A formula is also developed by means of which the asymptote to
the curve of the ratio R'IIR may be drawn, and thus the magnitudle of the
skin effect at extremely high frequencies may be obtained.
The values of the ratio R'/R for tubes of various thicknesses, are

plotted in a set of curves which may be used for the solution of practical
problems.
A similar method is described for the calculation of skin effect in a thin

strap. A set of empirical curves for straps is given from which approxi-
mate values of R','R for any case may be read.

Discussion, pages 1401-1403, by Messrs. J. Slepian and H. B. Dwight.
A discussion on the value of authors deductions with further deductions

by the author.

7. BATTERIES

A NEW STANDARD OF CURRENT AND POTENTIAL
Chester T. Allcutt Vol. xxxvii-1918, pp.: 167-173

This paper describes a new secondary standard which is proposed as a
substitute for the standard cell in certain classes of d-c. measurements.
The device consists of a Wheatstone bridge which will balance for but one
value of current.
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Various factors affecting the accuracy and permanence of the (levice
are discussed and a number of curves are given showing the characteristics
which have been obtained.

Discussion incorporated with that of paper by C. A. Hoxie on "A
Thermoelectric Standard Cell."

A THERMOELECTRIC STANDARD CELL

C. A. Hoxie Vol. xxxvii-1918, pp. 175-182

This paper considers a means of obtaining a secondary standard of
e. m. f. by utilizing the e. m. f. of a thermocouple. The construction of
the cell is discussed in detail, particularly the use of gas in the bulb.
A review of the characteristics brings out several advantages of the

thermoelectric standard cell. The results of permanency tests on a
number of cells are shown.

Discussion, (including that of paper by C. T. Allcutt), pages 183-189,
by Messrs. C. H. Sharp, F. C. Stockwell, W. B. Kouwenhoven, P. G.
Agnew, C. T. Allcutt, C. A. Hoxie and A. C. Campbell.
A discussion covering the making of a practical substitute for the

standard cell and other efforts to obtain a standard e. m. f.

9. ELECTRICAL MACHINERY AND APPARATUS

THE TECHNICAL STORY OF THE FREQUENCIES

B. G. Lamme -Vol. xxxvii-1918, pp. 65-85

The various frequencies used in alternating-current work in America
are first mentioned, and the primary reasons for their introduction are
given. This is followed by a discussion of various alternating current
applications which were more or less dependent upon frequency.

It is shown that there was an apparent need for two standard fre-
quencies in the region of 60 and 25 cycles, and, further, why 60 and 25
cycles have prevailed. The special fields of application of each one are
discussed fully and it is shown wlhy 25 cycles tended to dominate the field.

Discussion, pages 86-89, by Messrs. H. B. Brooks, B. G. Lamme,
G. S. Mc Cumber, R. Dalgleish and Mr. Hunt.
A general discussion.

RATING AND SELECTION OF OIL CIRCUIT BREAKERS

E. M. Hewlett, J. N. Mahoney and G. A. Burnham Vol. xxxvii-1918, pp. 123-138

On account of the variable conditions in systems on which circuit
breakers are used, it is impossible to give a simple rule which will cover
the selection of circuit breakers for all cases. The authors discuss the
interpretations of the A. I. E. E. Standardization Rules covering the
rating of oil circuit breakers and consider the variable factors which are
involved in the selection of circuit breakers for various systems. A
method is suggeste(d whereby short-circuit characteristics of various
systems can be used for determining the proper selection of oil circuit
breakers for average systems. The method does not apply to very large
systems or unusual conditions.
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Discussion, pages 139-165, by Messrs. E. M. Hewlett, J. N. Mahoney,
H. R. Summerhayes, W. W. WMillard, B. Jones, F. C. Hanker, P. Torchio,
P. M. Lincoln, R. E. Doherty, F. L. Hunt, H. H. Dewey, H. D. James,
N. L. Pollard, E. G. Merrick, P. H. Adams, I. M. Cushing, C. Lichten-
berg, A. Collins, C. C. Garrard and G. A. Burnham.
A general discussion largely from the viewpoint of the importance of

arriving at a standard method of rating circuit breakers as to capacity.

THE POLYPHASE SHUNT MOTOR
W. C. Korthals Altes Vol. xxxvii-1918, pp. 295-327

There exists a demand for a reliable, adjustable-speed, alternating-
current motor, suitable for operation at a large number of speeds. The
neutralized motor with shunt field control is analyzed and it is shown
that it is not practical for commercial frequencies. The induction motor
with commutator on the secondary side is discussed. The induction
motor with commutator on the primary side offers the best solution for
machine-tool motors. Its theory is discussed in detail, and a complete
description is given of the mechanism required to shift the brushes and
the new type of armature winding used.

Discussion incorporated with that of paper by Marius C. A. Latour on
"Commutation in Alternating-Current Machinery."

COMMUTATION IN ALTERNATING-CURRENT MACHINERY
Marius C. A. Latour Vol. xxxvii-1918, pp. 355-381

The author introduces into the discussion of the commutating charac-
teristics of alternating-current commutating motors, his theory thae
perfect commutation in a continuous-current motor depends substantially
on the production of a mean resultant neutral field in the region whert
commutation is taking place, and shows that the production of a perfect
revolving field in a polyphase commutator motor assists in insuring
perfect commutation at exact synchronism.

In a single-phase commutator motor a "polyphase" revolving field can
be produced at synchronism by utilizing supplementary brushes, short-
circuited upon themselves, displaced by 90 electrical space degrees from
the main single-phase brushes on the commutator.
As in the case of polyphase motors, the problem of securing perfect

commutation at synchronism becomes that of producing a perfect rotating
field. It is shown by the author that the use of fractional-pitch windings
on the rotor and a sinusoidal distribution of conductors on the stator is of
much assistance in this connection.

Discussion (including that of papers by W. C. K. Altes and V. Kara-
petoff), pages 379-389, by Messrs. A. M. Gray, P. M. Lincoln, C. F.
Scott, W. C. K. Altes, H. M. Hobart, B. A. Behrend, WV. B. Jackson and
V. Karapetoff.
A general discussion.

SOME CONSIDERATIONS IN DETERMINING THE CAPACITY OF ROLLING-
MILL MOTORS

Robert F. Hamilton Vol. xxxvii-1918, pp. 463-484

A consideration in detail of electric (Irive for rolling mills, including
classification of mills and motors, mathematical determinations of energy
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required for rolling, relation of speed to tonnage, motor capacity and
flywheel application.

Discussion, pages 485-489, by Messrs. A. M. Dudley, C. A. Menk,
N. W. Storer and W. Sykes.
A discussion on relative importance of the requirements specified in

rolling mill motor selection.

SELECTION OF STEEL MILL AUXILIARY MOTORS AND CONTROL AS AFFECTED
BY MECHANICAL FEATURES OF THE DRIVE

J. D. Wright Vol. xxxvii-1918, pp. 491-496

The author describes manipulators for blooming mills, which consist of
side guards and lifting fingers, the former being used to guide the bloom
into the proper groove in the rolls while the latter are used for turning the
bloom over. The functions, mechanical layout and operation of these
manipulators are described, from which conclusions are drawn as to the
size and type of motors as well as the type of control best suited for driving
these- auxiliaries.

Discussion, pages 497-501, by Messrs. E. Friedlaender, C. A. Menk.
T. E. Tynes, H. S. Richardson, B. G. Beck, G. E. Stoltz and J. D. Wright,
A description of variations from authors practise in equipment and

control.

NO-LOAD CONDITIONS OF SINGLE-PHASE INDUCTION MOTORS AND PHASE
CONVERTERS

R. E. Heilmund Vol. xxxvii-1918, pp. 539-626

This paper shows methods and derives formulas for the determination
of the fields, the stator and rotor magnetizing currents, and the tertiary
voltages for phase converters and single-phase induction motors at
no-load. This paper treats a large number of different cases along
similar lines, thereby coordinating and explaining many phenomena
previously observed, and it should, therefore, form a desirable basis for
further investigations and discussion of this subject matter.
The paper is arranged so that it can be read to good advantage without

going through those mathematical parts marked by vertical rules.
By reading the conclusions at the end of the paper, a, fair idea of the

principal points brought out in the paper can be obtained..
Discussion incorporated. with that of paper by B. G. Lamme on "A

Physical Conception of the Operation of the Single-phase Induction
Motor. "

A PHYSICAL CONCEPTION OF THE OPERATION OF THE SINGLE-PHASE
INDUCTION MOTOR

B. G. Lamme Vol. xxxvii-1918; pp. 627-658

This paper covers a method of studlying the actions of the single-phase
induction motor, which the writer has found to be very convenient from
the educational standpoint. It is based upon the assumption of two
equal and oppositely rotating primary magnetomotive forces combined
with a synchronously rotating secondary m. m. f., suclh as would be
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produced by direct-current excitation. Diagrams and descriptions are
given to illustrate the magnetomotive forces and fluxes, showing how,
among other conditions, two oppositely rotating fields of unequal value
may be possible.
The next step is a consideration of e. m. f. generation by two oppositely

rotating fields, showing how both must be taken into account. The
effects upon the counter e. m. f. and excitation, of the reduction or suppres-
sion of one field is shown.
The full-load conditions are next considered. A comparison is made

between a two-motor unit, consisting of two similar polyphase motors
coupled together and connected for opposite rotation, and the straight
single-phase induction motor. This is followed by a considerable amount
of test data which illustrate the principles and actions described in the
paper.

Discussion, (including that of paper by R. E. Hellmund), pages 659-702,
by Messrs. J. Slepian, C. Fortescue, C. A. M. Weber, G. H. Garcelon,
R. E. Hellmund, A. M. Dudley, B. G. Lamme, M. I. Pupin, E. F. W.
Alexanderson, B. A. Behrend, L. W. Chubb, A. M. Gray, C. F. Scott and
S. Haar.
A general discussion on theory.

LIGHTNING ARRESTER SPARK GAPS

Their Relation to the Problem of Protecting Against Impulse Voltages
Chester T. Allcutt Vol. xxxvii-1918, pp. 833-854

This paper describes a new form of high-v7oltage lightning arrester gap
which has been called the "impulse protective gap".
The paper opens with a brief resume of some of the results of previous

investigations of the subject of impulse voltages. A discussion of the
points involved in securing adequate protection against transient voltages
of steep wave front follows.

Methods employed in testing these gaps are described and the results
of a large number of experiments are tabulated. Tests on the action of
a high-frequency impulse combined with a 60-cycle wave, are included in
the experimental work. From the experimental data a number of curves
are plotted showing the discharge characteristics of the impulse protective
gap under many different conditions.

Discussion., pages 855-869, by Messrs. P. WI. Lincoln, F. W. Peek, Jr.,
P. H. Thomas, L. W. Chubb and C. T. Allcutt.
A general discussion of the apparatus designed by Allcutt and also the

theory of over-voltages that cause insulation failures.

THE OXIDE FILM LIGHTNING ARRESTER
Charles P. Steinmetz Vol. xxxvii-1918, pp. 871-880

A short history of lightning protection of electric systems is given, as
relating to the three successive types of electric circuits; the communica-
tion circuits, the power circuits of negligible electrostatic capacity, and
the high power circuits containing distributed capacity and inductance
and capable of electric oscillation, leading to the three problems of dis-
charging over-voltage to ground, opening the power current which follows
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the discharge and discharging so that no power current follows even for a
fraction of a half wave. It is shown that these problems are solved by
the spark gap to ground, by the use of non-arcing metals in the multigap
arrester, which opens the circuit at the end of a half wave of current, and
by the so-called "counter e. m. f." type of arrester, represented by the
aluminum cell and the oxide film arrester.

In the oxide film arrester a type of arrester is presented which has the
same characteristics and therefore the same advantages as the aluminum
cell arrester, but does not require daily attendance and contains no liquids.

Its method of operation is explained, and its, difference from the alumi-
num cell arrester.
A short description of the construction of the oxide film arrester is

given, a record of its operation in industrial service for over three years,
and oscillograms showing the performance of this arrester under recur-
rents, oscillations and under high-power impulses.

Discussion incorporated with that of paper by Crosby Field on "The
Oxide Film Lightning Arrester."

THE- OXIDE FILM LIGHTNING ARRESTER

Crosby Field Vol. xxxvii-1918, pp. 881-890

The oxide film arrester is a new type of lightning arrester made up of a
film of insulation in contact with a conducting powder. Upon the
application of over-voltage, the insulation will be pierced, but the powder
will very rapidly turn into insulation and plug any holes punctured in
the original insulation by the over-voltage, thus forming in substance a
resealing insulation. A brief description of this arrester is given together
with the principles underlying its action and a comparison with other
types of lightning arresters. Mention is also made of other characteristics
of this combination which are not used in the present arrester, but which
are being applied in other developments. A few notes of tests on the
commercial arrester complete this paper. With the exception of the
basic patents issued to the author this is the first time any disclosure has
been made of this arrester.

Discussion (including that of paper by C. P. Steinmetz), pages 891-896,
by Messrs. C. P. Steinmetz, N. A. Lougee, L. W. Chubb and C. T. Allcutt.
A general discussion.

PRE-CHARGED CONDENSERS IN SERIES AND IN PARALLEL

V. Karapetoff Vol. xzxvii-1918, pp. 1015-1023

A condenser is charged from a source of direct voltage, and then is used
as a booster in series with this source to charge another condenser. By
repeating this process a large number of times the second condenser is
finally subjected to twice the voltage of the source. This is the principle
of the Delon apparatus for testing cables, and is explained in a numerical
example. Then the more general case of two or more "pre-charged"
condensers in series is considered, when these condensers are connected
to some source of direct voltage; it is shown how to determine the final
distribution of voltages among them. A similar problem is solved for
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pre-charged condensers in parallel. Finally a general network of pre-
charged condensers is considered, and equations are derived similar to
Kirchoff's laws, from which the final distribution of voltages and charges
may be computed knowing the initial distribution.

Discussion, pages 1024-1025, by Messrs. C. 0. Mailloux, L. W. Chubb,
W. V. Lyon and V. Karapetoff.
A general discussion.

PROTECTION FROM FLASHING FOR DIRECT-CURRENT APPARATUS

J. J. Linebaugh and J. L. Burnham Vol. xxxvii-1918, pp. 1341-1352

The equipment developed for the protection of direct-current apparatus
as described in this paper is applicable to all direct-current apparatus and
all methods of operation. Special means of protection for use only with
particular apparatus or conditions of operation have not been mentioned.
The principal steps in the experimental development of high-speed circuit
breakers and flash barriers are briefly given.

Complete protection for any direct-current apparatus and service
requires both the high-speed breaker and flash barriers. Attention is
directed to the importance of arranging the connections to the brush
rigging so that the magnetic action on the arc will be a minimum, and
properly directed, so the flash will do the least damage.

Discussion, pages 1353-1365, by Messrs. C. L. Fortescue, F. C. Hanker,
H. B. Dwight, F. Wunsch, F. D. Newbury, W. F. Dawson, J. F. Tritle,
H. E. Trent and J. L. Burnham.

Description of various types of high-speed breakers and installations.

A DIRECT-CURRENT GENERATOR FOR CONSTANT POTENTIAL AT VARIABLE

SPEED

S. R. Bergman Vol. xxxvii-1918, pp. 1305-1412

The standing of this problem in the past is briefly reviewed. As far as
is known to the author the type of machine described presents a new
solution.
The theory of the machine is described and diagrams of connections

given. Performance curves obtained from tests are shown.
A method is described whereby instantaneous regulation of the voltage

is obtained, which method also secures approximately a constant voltage
independent of the heating.

Finally there follows a discussion of the efficiency of the new machine
as compared with a standard machine of the same speed and output.

Discussion, pages 1413-1415, by Messrs. J. G. De Remer and S. R.
Bergman.

General discussion.

ELECTRIC WELDING-A NEW INDUSTRY

H. A. Hornor Vol. xxxvii-1918, pp. 1519-1529

This paper covers a brief review of the uses of electric spot and arc
welding in this country prior to the formation of the Electric Welding
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Committee of the Emergency Fleet Corporation. It compares the status
of the art at the present time and emphasizes the developments that have
been made in apparatus in the last six months. It treats of the activities
of the Welding Committee in applying electric welding processes to the
ship-building industry and points the way to the general applicability of
this method to other industries. It shows that the results obtained by
investigation and physical tests prove that the applications of this process
to heavy work are satisfactory.
No discussion.

ELECTRIC MOTORS IN THE CEMENT INDUSTRY

R. B. Williamson Vol. xxxvii-1918, pp. 1531-1567

This paper has been compiled by the Committee on Industrial and
Domestic Power to give general information regarding the different
classes of machinery used in the cement industry and the sizes and types
of motor best adapted for the work. The paper gives, first, a brief
description of the process. This is followed by an outline of the various
kinds of machinery used together with data as to power requirements.
The types of motor best suited to each application together with starting
characteristics, overload capacity, torque and other features are indicated.

Discussion, pages 1568-1605, by Messrs. A. M. Dudley, A. Simon,
W. C. Kalb, L. Bradley, W. L. Merrill, H. D. James, F. J. Burd, E.
Friedlaender, W. T. Snyder, L. E. Underwood, S. Haar, J. N. Mahoney,
R. J. Dearborn, J. Dixon, A. L. Hadley, C. H. Sonntag, D. B. Rushmore,
T. E. Simpers, H. Weichsel, S. H. Harrison, G. H. Rowe, W. I. Slichter
and R. B. Williamson.
A discussion mainly on particular points to be emphasized in selection

of motors for the cement industry.

11. POWER PLANTS AND CENTRAL STATIONS

EFFECTS OF WAR CONDITIONS ON COST AND QUALITY OF ELECTRIC SERVICE

Lynn S. Goodman and William B. Jackson Vol. xxxvii-1918, pD. 1-17

This paper comprises a consideration of the effects of war conditions as
they apply to the electric light and power service of the country.

It is shown that the increased cost for fuel and other supplies, labor
and taxes alone, occasioned by the war conditions, would amount to an
increase of more than $116,000,000 over the operating expenses that
should have been expected for the electric light and power companies of
the country under normal conditions for 1917.
The important advantages which are inherent in the central electric

power stations for supplying power for war manufactures and the advis-
ability for the government to make every reasonable endeavor to en-
courage the development of the central electric stations is pointed out.
The way in which the problems involved are worked out will have a
bearing upon the cost of electric light and power service not only dur-
ing the war but for long after its termination.

Discussionz, pages 18-63, by Messrs. B. A. Behrend, Mr. Sykes, J. W.
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Cowles, C. A. Adams, W. B. Jackson, F. A. Bryan, R. G. Hudson, M.
Freund, B. J. Arnold, P. Torchio, P. Betts, W. S. Gorsuch, H. M. Hobart,
D. C. Jackson, P. H. Bartlett, W. N. Smith, J. J. Harold, P. R. Moses,
R. F. Schuchardt, F. A. Coffin, D. W. Roper, C. W. Pendell, C. A. Keller,
F. H. Bernhard, J. W. Mabbs, A. Honegger.
A general discussion on the various phases of the central station prob-

lems.

AMERICA'S ENERGY SUPPLY
Charles P. Steinmetz Vol. xxxvii-1918, pp. 985-1009

The gist of the paper is to demonstrate that the economical utilization
of the country's energy supply requires generating electric power where-
ever hydraulic or fuel energy is available, and collecting the power electri-
cally, just as we distribute it electrically.

In the first section a short review of the country's energy supply in
fuel and water power is given.

In the second section it is shown that the modern synchronous station
is necessary for large hydraulic powers, but the solution of the problem of
the economic development of the far more numerous smaller waterpowers
is the adoption of the induction generator.
The third section considers the characteristics of the induction generator

and the induction-generator station, and its method of operation, and
discusses the condition of "dropping out of step of the induction generator"
and its avoidance.

In the appendix the corresponding problem is pointed out with reference
to fuel power, showing that many millions of kilowatts of potential
power are wasted by burning fuel and thereby degrading its energy that
could be recovered by interposing simple steam turbine induction genera-
tors between the boiler and the steam heating systems, and collecting
their power electrically.

Discussion, pages 1010-1014, by Messrs. A. M. Schoen, B. A. Behrend,
S. Barfoed, R. Bennett and C. P. Steinmetz.
A general discussion.

THE AUTOMATIC HYDROELECTRIC PLANT
J. M. Drabelle and L. B. Bonnett Vol. xxxvii-1918, pp. 1367-1377

The automatic hydroelectric generating station of the Iowa Railway
and Light Company at Cedar Rapids, Iowa, is a radical step in advance
in the elimination of operator's wages in a station of appreciable size
without sacrificing complete control.

Discussion, page 1378, by Messrs. H. R. Summerhayes, J. J. Linebaugh,
Mr. Bump, 0. C. Traver, J. M. Drabelle and L. B. Bonnett.
General discussion.

ECONOMIC PROPORTION OF HYDROELECTRIC AND STEAM POWER
Frank G. Baum Vol. xxxvii-1918, pp. 1471-1475

This paper describes a new method of determining for any power system,
what proportion of generation should be hydroelectric, and what steam,
from the standpoint of economics.
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A method is outlined for obtaining a curve showing "Total cost per
kilowatt-year for hydroelectric and steam power", for any percentage
combination of generation.
With system load curve, fixed charges on steam and hydroelectric

plants, cost of fuel and other steam energy charges all known quantities,
this curve can readily be calculated, and one can see at a glance the limiting
economical percentage of steam power for the given conditions.
No discussion.

ELECTRIC POWER GENERATION IN ONTARIO ON SYSTEMS OF HYDROELEC-
TRIC POWER COMMISSION

Arthur H. Hull Vol. xxxvii-1918, pp. 1607-1630

Discussion, pages 1631-1636, by Messrs. H. U. Hart, W. G. Hewson,
A. H. Hull, T. A. Worcester, E. M. Ashworth, H. R. Stummerhayes, W.
Mac Lachlan, P. A. Borden and F. A. Gaby.

Questions and answers on details of the system.

13. TRANSMISSION LINES

CORONA TESTS AT HIGH ALTITUDE

B. F. Jakobsen Vol. xxxvii-1918, pp. 91-108

This paper describes some corona tests which were made in Peru on a
70-mile transmission line located at an average altitude of 13,300 feet.
The voltages range from 40,000 to about 72,000. The method employed
in the tests is described and the calculations are given. The results are
compared to "Peek's law." Close correspondence is found between these
tests and those made by Faccioli on the Shoshone-Leadville line.

It is shown that the results are in good agreement with the formulas
deduced by Professor Ryan from extensive laboratory tests.

Finally test data are given for a test made during rainy weather.
Discussion, pages 109-122, by Messrs. F. W. Peek, Jr., H. J. Ryan and

B. F. Jakobsen.
A general discussion.

MEASUREMENT OF POWER LOSS IN DIELECTRICS OF THREE-CONDUCTOR
HIGH-TENSION CABLES

F. M. Farmer Vol. xxxvii-1918, pp. 221-241

This paper describes the inethod used at the Electrical Testing Labora-
tories for measuring the dielectric power losses in 10-foot samples of
three-conductor cables with three-phase potential applied to the cable.
The difficulties encountered and the methods employed to overcome them
are discussed in considerable detail. Typical results are given in the
form of data for two specimens of cable, one having a low power loss in
the dielectric and one having a high power loss in the dielectric. The
data are also presented in the form of curves. Various conclusions are
drawn.

Discussion, pages 242-260, by Messrs. H. W. Fisher, R. W. Atkinson,
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C. W. Da-vis, D. Du Bois, G. B. Shanklin, J. L. Harper, W. H. Cole,
L. L. Elden, J. A. Walton, P. Torchio, F. W. Peek, Jr., M. G. Lloyd,
J. R. Craighead, C. A. Adams and F. M. Farmer.
A discussion covering various methods in vogue at laboratories and

power companies for measuring and reducing dielectric power losses
with consequent increase of cable capacity.

SPLIT-CONDUCTOR CABLE-BALANCED PROTECTION

W. H. Cole Vol. xxxvii-1918, pp. 757-784

Primarily, this paper is intended to be a brief history of the principal
experiences of the Edison Electric Illuminating Company of Boston in
the design and application of selective balanced-protection schemes to
parallel connected transmission conductors.

Split-conductor cables are discussed at considerable length, both as to
design and operation. Paired ordinary conductors also are discussed,
and their relation to so-called split-conductors pointed out.

Special apparatus and devices required in connection with current-
balancing schemes are illustrated and discussed.
A partial nomenclature is proposed, -to assist in clearing the way for

intelligent discussion and a uniform understanding of the general subject
of current-balance protection for paired conductors.
A schedule of installations in the Boston system is given.
No general conclusions are drawn since the paper is of the nature of a

report on progress; specific conclusions are drawn, however, in a number
of cases where the evidence or experience appears to be reasonably
conclusive.
A mathematical discussion of a number of reactive end-impedance

devices, by Professor C. A. Adams, is appended.
Discussion, pages 785-790, by Messrs. J. B. Taylor, W. H. Cole, W. A.

Del Mar, P. M. Lincoln, E. B. Meyer, R. W. Atkinson, J. R. Craighead
and 0. C. Traver.
A discussion on various factors involved in cable installations.

AERIAL CABLE CONSTRUCTION FOR ELECTRIC POWER TRANSMISSION

E. B. Meyer Vol. xxxvii-1918, pp. 791-800

This paper deals with the problem of supplying high-tension electric
service where conditions do not permit of the use of open wire or under-
ground circuits.
The methods of overcoming difficulties incidental to providing for

high-tension service are discussed in detail, together with a description
of the types of cable used and methods of installation.
The experience of a large central station company operating several

hundred miles of overhead and underground cable is given and the paper
brings out the fact that the type of construction described may be used
advantageously for both 13,200- and 26,400-volt service.

Discussion, pages 801-803, by Messrs. W. F. Dawson, E. B. Meyer,
H. L. Wallau, W. A. Del Mar, J. B. Taylor, P. Torchio, J. A. Johnson and
H. R. Summerhayes.
A general discussion.
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APPLICATION OF THEORY AND PRACTISE TO THE DESIGN OF TRANS-

MISSION LINE INSULATORS

G. I. Gilchrest Vol. xxxvii-1918, pp. 805-824

The paper first gives a summation of the items that are apparently the
main causes of pin-type insulator failures in service. Each item is
briefly discussed and the opinions of operating men are cited.
A brief description is given of the method used to determine the form

of the dielectric field about porcelain insulators under normal line voltage.
Diagrams of the dielectric field and photographs of flash over tests of
theoretical designs are shown. Necessary modifications of the theoretical
designs, in order to meet operating and manufacturing conditions, are
discussed.

In the latter part of the paper, diagrams and illustrations are shown of
a proposed type of commercial insulator design which has been evolved
by linking together the theoretical and practical phases of the problem.
A comparison is then made between the older types of design and the
proposed type.
A summary is made of the advantages it is believed that the new type

of design has over the present commercial insulator designs.
Discussion, pages 825-832, by Messrs. C. Fortescue, C. F. Scott,

V. Karapetoff, L. W. Chubb, S. Barfoed and G. I. Gilchrest.
A general discussion on insulator design with special emphasis on

porosity, refraction of lines of force, etc.

ELECTRIC POWER GENERATION IN ONTARIO ON SYSTEMS OF HYDROELEC-

TRIC POWER COMMISSION

Arthur H. Hull Vol. xxxvii-1918, pp. 1607-1630

Discussion, pages 1631-1636, by Messrs. H. U. I-lart, W. G. Hewson,
A. H. Hull, T. A. Worcester, E. MV. Ashworth, H. R. Summerhayes, W.
Mac Lachlan, P. A. Borden and F. A. Gaby.

Questions and answers on details of the system.

110,000-VOLT TRANSMISSION LINE OVER THE ST. LAWRENCE RIVER

S. Svenningson Vol. xxxvii-1918, pp. 1653-166

The paper deals with some remark*le construction recently completed
by the Shawinigan Water & Power Company near Three Rivers, Quebec.
The St. Lawrence river is crossed by transmission line wires on a span of
4800 feet, being the longest span in the world. Due to necessities of
navigation clearance, the towers are 350 feet high.
The preliminary investigation leading to the adoption of this construc-

tion is outlined, and a general description is given of the design and con-
struction of the towers, insulators and cables. The provisions for pro-
tection from ice and the method of sag calculations are also given.

Discussion, pages 1666-1670, by Messrs. C. W. Baker, S. Svenningson,
E. V. Pannell, H. B. Dwight, H. C. Don Carlos, T. A. Worcester, F. J.
Wyman and W. P. Dobson.
A general discussion on details of installation.
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14. ELECTRIC SERVICE DISTURBANCES AND
PROTECTION

CORONA TESTS AT HIGH ALTITUDE

B. F. Jakobsen Vol. xxxvii-1918, pp. 91-108

This paper describes some corona tests which were made in Peru on a
70-mile transmission line located at an average altitude of 13,300 feet.
The voltages range from 40,000 to about 72,000. The method employed
in the tests is described and the calculations are given. The results are
compared to "Peek's law." Close correspondence is found between these
tests and those made by Faccioli on the Shoshone-Leadville line.

It is shown tlaat the results are in good agreement with the formulas
deduced by Professor Ryan from extensive laboratory tests.

Finally test data are given for a test made during rainy weather.
Discussion, pages 109-122, by Messrs. F. W. Peek, Jr., H. J. Ryan and

B. F. Jakobsen.
A general discussion.

RATING AND SELECTION OF OIL CIRCUIT BREAKERS

E. M. Hewlett, J. N. Mahoney and G. A. Burnham Vol. xxxvii-1918, pp. 123-138

On account of the variable conditions in systems on which circuit
breakers are used, it is impossible to give a simple rule which will cover
the selection of circuit breakers for all cases. The authors discuss the
interpretations of the A. I. E. E. Standardization Rules covering the
rating of oil circuit breakers and consider the variable factors which are
involved in the selection of circuit breakers for various systems. A
method is suggested whereby short-circuit characteristics of various
systems can be used for determining the proper selection of oil circuit
breakers for average systems. The method does not apply to very large
systems or unusual conditions.

Discussion, pages 139-165, by Messrs. E. M. Hewlett, J. N. Mahoney,
H. R. Summerhayes, W. W. Willard, B. Jones, F. C. Hanker, P. Torchio,
P. M. Lincoln, R. E. Doherty, F. L. Hunt, H. H. Dewey, H. D. James,
N. L. Pollard, E. G. Merrick, P. H. Adams, I. M. Cushing, C. Lichten-
berg, A. Collins, C. C. Garrard and G. A. Burnham.
A general discussion largely from the viewpoint of the importance of

arriving at a standard method of rating circuit breakers as to capacitv.

SPLIT-CONDUCTOR CABLE-BALANCED PROTECTION

W. H. Cole Vol. xxxvii-1918, pp. 757-784

Primarily, this paper is intended to be a brief history of the principal
experiences of the Edison Electric Illuminating Company of Boston in
the design and application of selective balanced-protection schemes to
parallel connected transmission conductors.

Split-conductor cables are discussed at considerable length, both as to
design and operation. Paired ordinary conductors also are discussed,
and their relation to so-called split-conductors pointed out.

Special apparatus and devices required in connection with current-
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balancing schemes are illustrated and discussed.
A partial nomenclature is proposed, to assist in clearing the way for

intelligent discussion and a uniform understanding of the general subject
of current-balance protection for paired conductors.
A schedule of installations in the Boston system is given.
No general conclusions are drawn since the paper is of the nature of a

report on progress; specific conclusions are drawn, however, in a number
of cases where the evidence or experience appears to be reasonably
conclusive.
A mathematical discussion of a number of reactive end-impedance

devices, by Professor C. A. Adams, is appended.
Discussion, pages 785-790, by Messrs. J. B. Taylor, W. H. Cole, W. A.

Del Mar, P. M. Lincoln, E. B. Meyer, R. W. Atkinson, J. R. Craighead
and 0. C. Traver.
A discussion on various factors involved in cable installations.

APPLICATION OF THEORY AND PRACTISE TO THE DESIGN OF TRANS-

MISSION LINE INSULATORS
G. I. Gilchrest Vol. xxxvii-1918, pp. 805-824

The paper first gives a summation of the items that are apparently the
main causes of pin-type insulator failures in service. Each item is
briefly discussed and the opinions of operating men are cited.
A brief description is given of the method used to determine the form

of the dielectric field about porcelain insulators under normal line voltage.
Diagrams of the dielectric field and photographs of flash over tests of
theoretical designs are shown. Necessary modifications of the theoretical
designs, in order to meet operating and manufacturing conditions, are
discussed.

In the latter part of the paper, diagrams and illustrations are shown of
a proposed type of commercial insulator design which has been evolved
by linking together the theoretical and practical phases of the problem.
A comparison is then made between the older types of design and the
proposed type.
A summary is made of the advantages it is believed that the new type

of design has over the present comnmercial insulator designs.
Discussion, pages 825-832, by Messrs. C. Fortescue, C. F. Scott,

V. Karapetoff, L. W. Chubb, S. Barfoed and G. I. Gilchrest.
A general discussion on insulator design with special emphasis on

porosity, refraction of lines of force, etc.

LIGHTNING ARRESTER SPARK GAPS

Their Relation to the Problem of Protecting Against Impulse Voltages
Chester T. Allcutt Vol. xxxvii-1918, pp. 833-854

This paper describes a new form of high-voltage lightning arrester gap
which has been called the "impulse protective gap".
The paper opens with a brief resume of some of the results of previous

investigations of the subject of impulse voltages. A discussion of the
points involved in securing adequate protection against transient voltages
of steep wave front follows.
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Methods employed in testing these gaps are described and the results
of a large number of experiments are tabulated. Tests on the action of
a high-frequency impulse combined with a 60-cycle wave are included in
the experimental work. From the experimental data a number of curves
are plotted showing the discharge characteristics of the impulse protective
gap under many different conditions.

Discussion, pages 855-869, by Messrs. P. M. Lincoln, F. W. Peek, Jr.,
P. H. Thomas, L. WV. Chubb and C. T. Allcutt.
A general discussion of the apparatus designed by Allcutt and also the

theory of over-voltages that cause insulation failures.

THE OXIDE FILM LIGHTNING ARRESTER
Charles P. Steinmetz Vol. xxxvii-1918, pp. 871-880

A short history of lightning protection of electric systems is given, as
relating to the three successive types of electric circuits; the communica-
tion circuits, the power circuits of negligible electrostatic capacity, and
the high power circuits containing distributed capacity and inductance
and capable of electric oscillation, leading to the three problems of dis-
charging over-voltage to ground, opening the power current which follows
the discharge and discharging so that no power current follows even for a
fraction of a half wave. It is shown that these problems are solved by
the spark gap to ground, by the use of non-arcing metals in the multigap
arrester, which opens the circuit at the end of a half wave of current, and
by the so-called "counter e. m. f." type of arrester, represented by the
aluminum cell and the oxide film arrester.

In the oxide film arrester a type of arrester is presented which has the
same characteristics and therefore the same advantages as the aluminum
cell arrester, but does not require daily attendance and contains no liquids.

Its method of operation is explained, and its difference from the alumi-
num cell arrester.
A short description of the construction of the oxide film arrester is

given, a record of its operation in industrial service for over three years,
and oscillograms showing the performance of this arrester under recur-
rents, oscillations and under high-power impulses.

Discussion incorporated with that of paper by Crosby Field on "The
Oxide Film Lightning Arrester."

THE OXIDE FILM LIGHTNING ARRESTER
Crosby Field Vol. xxxvii-1918, pp. 881-890

The oxide film arrester is a new type of lightning arrester made up of a
film of insulation in contact with a conducting powder. Upon the
application of over-voltage, the insulation will be pierced, but the powder
will very rapidly turn into insulation and plug any holes punctured in
the original insulation by the over-voltage, thus forming in substance a
resealing insulation. A brief description of this arrester is given together
with the principles underlying its action and a comparison with other
types of lightning arresters. Mention is also made of other characteristics
of this combination which are not used in the present arrester, but which
are being applied in other developments. A few notes of tests on the
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commercial arrester complete this paper. With the exception of the
basic patents issued to the author this is the first time any disclosure has
been made of this arrester.

Discussion (including that of paper by C. P. Steinmetz), pages 891-896,
by Messrs. C. P. Steinmetz, N. A. Lougee, L. W. Chubb and C. T. Allcutt.
A general discussion.

PROTECTION FROM FLASHING FOR DIRECT-CURRENT APPARATUS

J. J. Linebaugh and J. L. Burnham Vol. xxxvii-1918, pp. 1341-1352

The equipment developed for the protection of direct-current apparatus
as described in this paper is applicable to all direct-current apparatus and
all methods of operation. Special means of protection for use only with
particular apparatus or conditions of operation havc not been mentioned.
The principal steps in the experimental development of high-speed circuit
breakers and flash barriers are briefly given.

Complete protection for any direct-current apparatus and service
requires both the high-speed breaker and flash barriers. Attention is
directed to the importance of arranging the connections to the brush
rigging so that the magnetic action on the arc will be a minimum, and
properly directed, so the flash will do the least damage.

Discussion, pages 1353-1365, by Messrs. C. L. Fortescue, F. C. Hanker,
H. B. Dwight, F. Wunsch, F. D. Newbury, W. F. Dawson, J. F. Tritle,
H. E. Trent and J. L. Burnham.

Description of various types of high-speed breakers and installations.

15. DISTRIBUTION SYSTEMS

DESIGN OF UNDERGROUND DISTRIBUTION FOR ELECTRIC LIGHT AND

POWER SYSTEMS

G. J. Newton Vol. xxxvii-1918, pp. 399-449

In a previous paper presented at the 10th Annual Convention of the
Association of Iron and Steel Electrical Engineers the author treated the
subject only in a general manner; the object of this article is to show,
assuming average conditions, each step necessary in the design of an
underground distribution system, such as is usually required in a medium
size city.
Where costs are given they are based on normal conditions and should

not be taken as being the present costs, they are used simply for compari-
son.
Owing to lack of space no tables have been printed in this article as

they can be found in electrical handbooks.
Discussion, pages 450-461, by Messrs. A. A. Meyer, C. W. Rakestraw,

H. L. Wallau, E. Friedlaender, E. B. Meyer, W. Sykes, F. M. Hibben and
G. J. Newton.
A general discussion involving description of variations from practise

as described by the author and arguments on the question of varnished
cambric vs. paper insulated cables.
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SPLIT-CONDUCTOR CABLE-BALANCED PROTECTION

W. H. Cole Vol. xxxvii-1918, pp. 757-784

Primarily, this paper is intended to be a brief history of the principal
experiences of the Edison Electric Illuminating Company of Boston in
the design and application of selective balanced-protection schemes to
parallel connected transmission conductors.

Split-conductor cables are discussed at considerable length, both as to
design and operation. Paired ordinary conductors also are discussed,
and their relation to so-called split-conductors pointed out.

Special apparatus and devices required in connection with current-
balancing schemes are illustrated and discussed.
A partial nomenclature is proposed, to assist in clearing the way for

intelligent discussion and a uniform understanding of the general subject
of current-balance protection for paired conductors.
A schedule of installations in the Boston system is given.
No general conclusions are drawn since the paper is of the nature of a

report on progress; specific conclusions are drawn, however, in a number
of cases where the evidence or experience appears to be reasonably
conclusive.
A mathematical discussion of a number of reactive end-impedance

devices, by Professor C. A. Adams, is appended.
Discussion, pages 785-790, by Messrs. J. B. Taylor, W. H. Cole, W. A.

Del Mar, P. M. Lincoln, E. B. Meyer, R. W. Atkinson, J. R. Craighead
and 0. C. Traver.
A discussion on various factors involved in cable installations.

AERIAL CABLE CONSTRUCTION FOR ELECTRIC POWER TRANSMISSION

E. B. Meyer Vol. xxxvii-1918, pp. 791-800

This paper deals with the problem of supplying high-tension electric
service where conditions do not permit of the use of open wire or under-
ground circuits.
The methods of overcoming difficulties incidental to providing for

high-tension service are discussed in detail, together with a description
of the types of cable used and methods of installation.
The experience of a large central station company operating several

hundred miles of overhead and underground cable is given and the paper
brings out the fact that the type of construction described may be used
advantageously for both 13,200- and 26,400-volt service.

Discussion, pages 801-803, by Messrs. W. F. Dawson, E. B. Meyer,
H. L. Wallau, W. A. Del Mar, J. B. Taylor, P. Torchio, J. A. Johnson and
H. R. Summerhayes.
A general discussion.

METHOD OF SYMMETRICAL CO-ORDINATES APPLIED TO THE SOLUTION
OF POLYPHASE NETWORKS

C. L. Fortescue Vol. xxxvii-1918, pp. 1027-1115

In the introduction a general discussion of unsymmetrical systems of
co-planar vectors leads to the conclusion that they may be represented by
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symmetrical systems of the same number of vectors, the number of
symmetrical systems required to define the given system being equal to
its degrees of freedom. A few trigonometrical theorems which are to be
used in the paper are called to mind. The paper is subdivided into three
parts, an abstract of which follows. It is recommended that only that
part of Part I up to formula (33) and the portion dealing with star-delta
transformations be read before proceeding with Part II.

Part I deals with the resolution of unsymmetrical groups of numbers
into symmetrical groups. These numbers may represent rotating vectors
of systems of operators. A new operator termed the sequence operator
is introduced which simplifies the manipulation. Formulas are derived
for three-phase circuits. Star-delta transformations for symmetrical
coordinates are given and expressions for power deduced. A short dis-
cussion of harmonics in three-phase systems is given.

Part II deals with the practical application of this method to sym-
metrical rotating machines operating on unsymmetrical circuits. General
formulas are derived and such special cases, as the single-phase induction
motor, synchronous motor-generator, phase converters of various types,
are discussed.

Discussion, pages 1116-1140, by Messrs. J. Slepian, C. P. Steinmetz,
V. Karapetoff, A. M. Dudley, C. F. Scott, C. 0. Mailloux and C. L.
Fortescue.
A general discussion emphasizing certain mathematical methods oJ

simplifying the author's methods.

16. CONTROL, REGULATION AND SWITCHING

SOME CONSIDERATIONS IN DETERMINING THE CAPACITY OF ROLLING-
MILL MOTORS

Robert F. Hamilton Vol. xxxvii-1918, pp. 463-484

A consideration in detail of electric drive for rolling mills, including
classification of mills and motors, mathematical determinations of energy
required for rolling, relation of speed to tonnage, motor capacity and
flywheel application.

Discussion, pages 485-489, by Messrs. A. M. Dudley, C. A. Menk,
N. W. Storer and W. Sykes.
A discussion on relative importance of the requirements specified in

rolling mill motor selection.

SELECTION OF STEEL MILL AUXILIARY MOTORS AND CONTROL AS AFFECTED
BY MECHANICAL FEATURES OF THE DRIVE

J. D. Wright Vol. xxxvii-1918, pp. 491-496
The author describes manipulators for blooming mills, which consist of

side guards and lifting fingers, the former being used to guide the bloom
into the proper groove in the rolls while the latter are used for turning tlle
bloom over. The functions, mechanical layout and operation of these
manipulators are described, from which conclusions are drawn as to the
size and type of motors as well as the type of control best suited for driving
these auxiliaries.

Discussion, pages 497-501, by Messrs. E. Friedlaender, C. A. Menk,
T. E. Tynes, H. S. Richardson, B. G. Beck, G. E. Stoltz and J. D. Wright.
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A description of variations from authors practise in equipment and
control.

THE AUTOMATIC HYDROELECTRIC PLANT

J M. Drabelle and L. B. Bonnett Vol. xxxvii-1918, pp. 1367-1377

The automatic hydroelectric generating station of the Iowa Railway
and Light Company at Cedar Rapids, Iowa, is a radical step in advance
in the elimination of operator's wages in a station of appreciable size,
without sacrificing complete control.

Discussion, page 1378, by Messrs. H. R. Summerhayes, J. J. Linebaugh,
Mr. Buamp, 0. C. Traver, J. M. Drabelle and L. B. Bonnett.
General (liscussion.

17. TRACTION

EL RIFICATION OF THE MONTREAL TUNNEL ZONE

William G. Gordo Vol. xxxvii-1918, pp. 1637-1648

The author describes the electrification of the tunnel through Mt. Royal
at Montreal which was built to give the Canadian Northern Railway
entrance into the heart of the city. The tunnel is 3. 1 miles long and the
method of construction is described in detail.
The power is purchased and delivered to a substation near the west

portal of the tunnel. The equipment of the substation is described.
Details of the equipment and dimensions of both the locomotives and
motor cars are given.
The catenary system, which is described in detail. has a number of

unusual features due to special local conditions and the extremely low
temperatures which sometimes prevail in Montreal.

Discussion, pages 1649-1652, by Messrs. W. G. Hewson, W. G. Gordon,
W. A. Bucke, A. H. Hull, H. U. Hart, W. H. Mulligan, W. Mac Lachlan,
W. M. Gifford and R. R. Stevenson.
A general discussion on details of the installation.

20. MISCELLANEOUS APPLICATIONS OF ELECTRICITY

SOME CONSIDERATIONS IN DETERMINING THE CAPACITY OF ROLLING-

MILL MOTORS

Robert F. Hamilton Vol. xxzvii-1918, pp. 463-484

A consideration in detail of electric drive for rolling mills, including
classification of mills and motors, mathematical determinations of energy
required for rolling, relation of speed to tonnage, motor capacity and
flywheel application.

Discussion, pages 485-489, by Messrs. A. M. Dudley, C. A. Menk,
N. W. Storer and W. Sykes.
A discussion on relative importance of the requirements specified in

rolling mill motor selection.
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SELECTION OF STEEL MILL AUXILIARY MOTORS AND CONTROL AS AFFECTED
BY MECHANICAL FEATURES OF THE DRIVE

J. D. Wright Vol. xxxvii-1918, pp. 491-496

The author describes manipulators for blooming mills, which consist of
sideguards and lifting fingers, the former being used to guide the bloom
into the proper groove in the rolls while the latter are used for turning
the bloom over. The functions, mechanical layout and operation of these
manipulators are described, from which conclusions are drawn as to the
size and type of motors as well as the type of control best suited for driving
these auxiliaries.

Discussion, pages 497-501, by Messrs. E. Friedlaender, C. A. Menk.
T. E. Tynes, H. S. Richardson, B. G. Beck, G. E. Stoltz and J. D. Wright,
A description of variations from authors practise in equipment and

control.

ELECTRIC POWER FOR NITROGEN FIXATION

E. Kilburn Scott Vol. xxxvii-1918, pp. 957-974

Reference is made to propaganda against processes for making nitrates
from air by those interested in keeping the Allies dependant on supplies
of nitrate from Chili.
A tabular comparison is made of the operations involved in the indirect

method and the direct method of fixing nitrogen. The indirect method
involves the manufacture of carbide of calcium and its combination with
nitrogen to form calcium cyanimid, from which ammonia and in turn
nitric acid are obtained. The direct method merely consists in combining
nitrogen and oxygen of the air in the electric arc.
A diagram is given showing the layout of a battery of by-product coke

ovens with an electric power house worked by the surplus gas and a
nitrate-from-air plant to use the electricity. Figures are given showing
that the nitric acid made by such a plant is about the right amount to
combine with the ammonia to form ammonium nitrate, a compound in
great demand at the present time for explosives.

Discussion, pages 975-983, by Messrs. C. P. Steinmetz, W. A. Del Mar,
S. Barfoed, F. W. Sperr, Jr., and E. K. Scott.
A general discussion largely in support of the authors plan for coopera-

tion between nitrogen fixation industry and by-product coke industry.

PRE-CHARGED CONDENSERS IN SERIES AND IN PARALLEL

V. Karapetoff Vol. xxxvii-1918, pp. 1015-1023

A condenser is charged from a source of direct voltage, and then is used
as a booster in series with this source to charge another condenser. By
repeating this process a large number of times the second condenser is
finally subjected to twice the voltage of the source. This is the principle
of the Delon apparatus for testing cables, and is explained in a numerical
example. Then the more general case of two or more "pre-charged"
condensers in series is considered, when these condensers are connected
to some source of direct voltage; it is shown how to determine the final
distribution of voltages among them. A similar problem is solved for
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pre-charged condensers in parallel. Finally a general network of pre-
charged condensers is considered, and equations are derived similar to
Kirchoff's laws, from which the final distribution of voltages and charges
may be computed knowing the initial distribution.

Discussion, pages 1024-1025, by MIessrs. C. 0. M\Iailloux, L. W. Chubb,
W. V. Lyon and V. Karapetoff.
A general discussion.

ELECTRIC WELDING-A NEW INDUSTRY

H. A. Hornor Vol. xxxvii-1918, pp. 1519-1529

This paper covers a brief review of the uses of electric spot and arc
welding in this country prior to the formation of the Electric Welding
Committee of the Emergency Fleet Corporation. It compares the status
of the art at the present time and emphasizes the developments that have
been made in apparatus in the last six months. It treats of the activities
of the Welding Committee in applying electric welding processes to the
ship-building industry and points the way to the general applicability of
this method to other industries. It shows that the results obtained by
investigation and physical tests prove that the applications of this process
to heavy work are satisfactory.
No discussion.

ELECTRIC MOTORS IN THE CEMENT INDUSTRY

R. B. Williamson Vol. xxxvii-1918, pp. 1531-1567

This paper has been compiled by the Committee on Industrial and
Domestic Power to give general information regarding the different
classes of machinery used in the cement industry and the sizes and types
of motor best adapted for the work. The paper gives, first. a brief
description of the process. This is followed by an outline of the various
kinds of machinery used together with data as to power requirements.
The types of motor best suited to each application together with starting
characteristics, overload capacity, torque and other features are indicated.

Discussion, pages 1568-1605, by Messrs. A. M. Dudley, A. Simon,
W. C. Kalb, L. Bradley, W. L. Merrill, H. D. James, F. J. Burd, E.
Friedlaender, W. T. Snyder, L. E. Underwood, S. Haar, J. N. Mahoney,
R. J. Dearborn, J. Dixon, A. L. Hadley, C. H. Sonntag, D. B. Rushmore,
T. E. Simpers, H. Weichsel, S. H. Harrison, G. H. Rowe, W. I. Slichter
and R. B. Williamson.
A discussion mainly on particular points to be emphasized in selection

of motors for the cement industry.

THE USE OF ELECTRIC POWER IN THE MINING OF ANTHRACITE COAL

J. B. Crane Vol. xxxvii-1918, pp. 1671-1676

This paper gives figures as to the power cost and current consumption
of anthracite mines and the reasons for these being in excess of the require-
ments of bituminous mines.

Estimates are also given as to the additional coal that will be released
by the electrification of the anthracite mines.
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Illustrations are included showing representative installations of electric
drive.

Discussion incorporated with that of paper by F. L. Stone on "Drum
Shapes as Affecting the Mine Hoist Duty Cycle and Motor Rating."

DRUM SHAPES AS AFFECTING THE MINE HOIST DUTY CYCLE AND MOTOR
RATING

F. L. Stone Vol. xxxvii-1918, pp. 1677-1695

The standardization of inine hoists, from an engineering standpoint is
considered impossible on account of the wide variation in the conditions
and methods under which anthracite coal is mined.
The problem of drum shape consists in varying the diameter of different

parts of the winding drum so that the load may be accelerated and
retarded at the beginning and end of its travel with the minimum con-
sumption of power.

Numerical examples of the performance of various drum shapes under
assumed conditions are given.

Discussion (including that of paper by J. B. Crane), pages 1696-1708,
by Messrs. G. Bright, C. W. Parkhurst, F. L. Stone, E. J. Cheney, W. I.
Slichter, P. Kain, J. B. Crane, L. H. Rittenhouse, C. A. Adams and L. S.
Randolph.
A general discussion with particular emphasis on figures for kw. hr. per

ton mined of both anthracite and bituminous coal.

21. TELEPHONY AND TELEGRAPHY

INDUCTIVE EFFECTS OF ALTERNATING CURRENT RAILROADS ON COM-
MUNICATION CIRCUITS

H. S. Warren Vol. xxxvii-1918, pp. 503-532

A brief discussion of induictive interference in general is first given,
including reference to the work of the Joint Committee on Inductive
Interference in California. Inductive interference due to electrified
railroads is then taken up and various possible means for reducing such
interference considered. A description is given of four important instal-
lations of railroad electrification and the specific means adopted in each
case for preventing interference, with the degree of success which has
been met with.

Discussion, pages 533-538, by Mr. M. Latour.
Description of system proposed by Latour which allows telegraphic

line to be operated in spite of strong disturbing alternating e. m. fs.

THE DESIGN OF TRANSPOSITIONS FOR PARALLEL POWER AND TELEPHONE

CIRCUITS

Harold S. Osborne Vol. xxxvii-1918, pp. 897-936

This paper presents the results obtained in a recent design of transposi-
tion systems for telephone circuits exposed to induction from circuits of
other kinds, particularly from three-phase power circuits, and the coordi-
pate arrangements of transpositions in the power circuits.
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In presenting the results obtained, a discussion is first given of the
requirements which must be met by systems of transpositions for tele-
phone circuits in general, and by the new "exposed line" system in particu-
lar. An outline is given of the methods used in the design work and the
theory upon which it is based. The diagrams in the paper show the
arrangements of transpositions for all circuits on eight crossarms of
telephone line. The results to be obtained from the use of these diagrams
are outlined, and the suitable locations of coordinate transpositions in
parallel power circuits are discussed.

Discussion, pages 937-944, by Messrs. V. Karapetoff, C. Fortescue,
A. G. Chapman, H. Mouradian and H. S. Osborne.
A discussion on various methods of measuring "cross-talk."

22. MISCELLANEOUS TOPICS AND INSTITUTE AFFAIRS.

EFFECTS OF WAR CONDITIONS ON COST AND QUALITY OF ELECTRIC SERVICE

Lynn S. Goodman and William B. Jackson Vol. xxxvii-1918, pp. 1-17

This paper comprises a consideration of the effects of war conditions as
they apply to the electric light and power service of the country.

It is shown that the increased cost for fuel and other supplies, labor
and taxes alone, occasioned by the war conditions, would amount to an
increase of more than $116,000,000 over the operating expenses that
should have been expected for the electric light and power companies of
the country under normal conditions for 1917.
The important advantages which are inherent in the central electric

power stations for supplying power for war manufactures and the advis-
ability for the government to make every reasonable endeavor to en-
courage the development of the central electric stations is pointed out.
The way in which the problems involved are worked out will have a
bearing upon the cost of electric light and power service not only dur-
ing the war but for long after its termination.

Discussion, pages 18-63, by Messrs. B. A. Behrend, Mr. Sykes, J. W.
Cowles, C. A. Adams, W. B. Jackson, F. A. Bryan, R. G. Hudson, M.
Freund, B. J. Arnold, P. Torchio, P. Betts, W. S. Gorsuch, H. M. Hobart,
D. C. Jackson, P. H. Bartlett, W. N. Smith, J. J. Harold, P. R. Moses,
R. F. Schuchardt, F. A. Coffin, D. W. Roper, C. W. Pendell, C. A. Keller,
F. H. Bernhard, J. W. Mabbs, A. Honegger.
A general discussion on the various phases of the central station prob-

lems.

THE TECHNICAL STORY OF THE FREQUENCIES

B. G. Lamme Vol. xxxvii-1918, pp. 65-85

The various frequencies used in alternating-current work in America
are first mentioned, and the primary reasons for their introduction are
given. This is followed by a discussion of various alternating current
applications which were' more or less dependent upon frequency.

It is shown that there was an apparent need for two standard fre-
quencies in the region of 60 and 25 cycles, and, further, why 60 and 25
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cycles have prevailed. The special fields of application of each one are
discussed fully and it is shown why 25 cycles tended to dominate the field.

Discussion, pages 86-89, by Messrs. H. B. Brooks, B. G. Lamme,
G. S. Mc Cumber, R. Dalgleish and Mr. Hunt.
A general discussion.

SOME APPLICATIONS OF ELECTROMAGNETIC THEORY TO MATTER

A. C. Crehore Vol. xxxvii-1918, pp. 261-293

A Lecture.
No (Iiscussiotl

THE SECOMOR

A Kinematic Device Which Imitates the Performance of a Series-Wound Polyphase
Commutator Motor

V. Karapetoff Vol. xxxvii-1918, pp. 329-354

The device consists of four bars of adjustable useful length and with
adjustable angles. These bars can be set in a combination to represent
the vector diagram of voltages in a motor with any desired constants.
By moving the bars to vary the load, complete performance characteris-
tics of the motor can be obtained, including the speed, the torque, the
power factor, etc. An additional device called the impedometer permits
to take into account the impedance drop in the machine. An adjustable
saturation curve made of soft wire is used in connection with the secomor,
to enable one to investigate the effect of saturation. A brief graphical
theory of the motor precedes the description of the secomor to make its
action understandable.

Discussion incorporated with that of paper by Marius C. A. Latour on
"Commutation in Alternating-Current Machinery."

COMMUTATION IN ALTERNATING-CURRENT MACHINERY

Marius C. A. Latour Vol. xxxvii-1918, pp. 355-381

The author introduces into the discussion of the commutating charac-
teristics of alternating-current commutating motors, his theory that
perfect commutation in a continuous-current motor depends substantially
on the production of a mean resultant neutral field in the region where
commutation is taking place, and shows that the production of a perfect
revolving field in a polyphase commutator motor assists in insuring
perfect commutation at exact synchronism.

In a single-phase commutator motor a "polyphase" revolving field can
be produced at synchronism by utilizing supplementary brushes, short-
circuited upon themselves, displaced by 90 electrical space degrees from
the main single-phase brushes on the commutator.
As in the case of polyphase motors, the problem of securing perfect

commutation at synchronism becomes that of producing a perfect rotating
field. It is shown by the author that the use of fractional-pitch windings
on the rotor and a sinusoidal distribution of conductors on the stator is of
much assistance in this connection.

Discussion (including that of papers by W. C. K. Altes and V. Kara-
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petoff), pages 379-389, by Messrs. A. M. Gray, P. M. Lincoln, C. F.
Scott, W. C. K. Altes, H. M. Hobart, B. A. Behrend, W. B. Jackson and
V. Karapetoff.
A general discussion.

ADDRESS BY PRESIDENT E. W. RICE, JR. AT A. I. E. E. MIDWINTER

CONVENTION FEBRUARY, 1918

Vol. xxxvii-1918, pp. 391-397

A REVIEW OF ELECTRICAL ENGINEERING PROGRESS

E. W. Rice, Jr. Vol. xxxvii-1918, pp. 703-714

President's Address.

ENGINEERS AND THE WAR

Major General William M. Black Vol. xxxvii-1918, pp. 945-056

An Address.
No discussion.

ELECTRIC POWER FOR NITROGEN FIXATION

E. Kilburn Scott Vol. xxxvii-1918, pp. 957-974

Reference is made to propaganda against processes for making nitrates
from air by those interested in keeping the Allies dependant on supplies
of nitrate from Chili.
A tabular comparison is made of the operations involved in the indirect

method and the direct method of fixing nitrogen. The indirect method
involves the manufacture of carbide of calcium and its combination with
nitrogen to form calcium cyanimid, from which ammonia and in turn
nitric acid are obtained. The direct method merely consists in combining
nitrogen and oxygen of the air in the electric arc.
A diagram is given showing the layout of a battery of by-product coke

ovens with an electric power house worked by the surplus gas and a
nitrate-from-air plant to use the electricity. Figures are given showing
that the nitric acid made by such a plant is about the right amount to
combine with the ammonia to form ammonium nitrate, a compound in
great demand at the present time for explosives.

Discussion, pages 975-983, by Messrs. C. P. Steinmetz, NY. A. Del Mar,
S. Barfoed, F. W. Sperr, Jr., and E. K. Scott.
A general discussion largely in support of the authors plan for coopera-

tion between nitrogen fixation industry and by-product coke industry,

AMERICA'S ENERGY SUPPLY

Charles P. Steinmetz Vol. xxxvii-1918, pp. 985-1009

The gist of the paper is to demonstrate that the economical utilization
of the country's energy supply requires generating electric power where-
ever hydraulic or fuel energy is available, and collecting the power electri-
cally, just as we distribute it electrically.
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In the first section a short review of the country's energy supply in
fuel and water power is given.

In the second section it is shown that the modern synchronous station
is necessary for large hydraulic powers, but the solution of the problem of
the economic development of the far more-numerous smaller waterpowers
is the adoption of the induction generator.

T'he third section considers the characteristics of the induction generator
and the induction-generator station, and its method of operation, and
(liscusses the condition of "dropping out of step of the induction generator"
and its avoidance.

In the appendix the corresponding problem is pointed out with reference
to fuel power, showing that many millions of kilowatts of potential
power are wasted by burning fuel and thereby degrading its energy that
could be recovered by interposing simple steam turbine induction genera-
tors between the boiler and the steam heating systems, and collecting
their power electrically.

Discussion, pages 1010-1014, by Messrs. A. M. Schoen, B. A. Behrend,
S. Barfoed, R. Bennett and C. P. Steinmetz.
A general discussion.

METHOD OF SYMMETRICAL CO-ORDINATES APPLIED TO THE SOLUTION
OF POLYPHASE NETWORKS

C. L. Fortescue Vol. xxxvii--1918, pp. 1027-1115

In the introduction a general discussion of unsymmetrical systems of
co-planar vectors leads to the conclusion that they may be represented by
symmetrical systems of the same number of vectors, the number of
symmetrical systems required to define the given system being equal to
its degrees of freedom. A few trigonometrical theorems which are to be
used in the paper are called to mind. The paper is subdivided into three
parts, an abstract of which follows. It is recommended that only that
part of Part I up to formula (33) and the portion dealing with star-delta
transformations be read before proceeding with Part II.

Part I deals with the resolution of unsymmetrical groups of numbers
into symmetrical groups. These numbers may represent rotating vectors
of systems of operators. A new operator termed the sequence operator
is introduced which simplifies the manipulation. Formulas are derived
for three-phase circuits. Star-delta transformations for symmetrical
coordinates are given and expressions for power deduced. A short dis-
cussion of harmonics in three-phase systems is given.

Part II deals with the practical application of this method to sym-
metrical rotating machines operating on unsymmetrical circuits. General
formulas are derived and such special cases, as the single-phase induction.
motor, synchronous motor-generator, phase converters of various types,
are discussed.

Discussion, pages 1116-1140, by Messrs. J. Slepian, C. P. Steinmetz,
V. Karapetoff, A. M. Dudley, C. F. Scott, C. 0. Mailloux and C. L.
Fortescue.
A general discussion emphasizing certain mathematical methods of

simplifying the author's methods.
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SUSTAINED SHORT-CIRCUIT PHENOMENA AND FLUX DISTRIBUTION OF
SALIENT-POLE ALTERNATORS

N. S. Diamant Vol. xxxvii-1918, pp. 1141-1202

It shown in Section IV that. with the ordinary field forms met with in
practise, the resultant flux wave under s. s. c. (sustained short-circuits)
will be extremely distorted, see Figs. 16, (4th wave) 23, 27, 27A, etc., for
the simple reason that with the very low voltages obtained under such
conditions, the fundamental of the B-curve of the field is reduced so much
by the armature reaction that the higher harmonics asstume a very
predominant role and become several hundred per cent of the s. s. c.
fundamental. See Fig. 26 and Tables XI, XII, and XIII.
As a corollary to the foregoing it is found that the B-curve under load

will not differ radically from the no-load field form since the fundamental
will remain large enough to hold its own. See Fig. 22 and also footnote
(4). The cross magnetizing effect of the armature reaction is, of course,
to make the B-curve unsymmetrical with respect to the mid-pole axis.
Compare Figs. 7 and 22.
The magnetic oscillations are studied not only by means of full-pitch

stator coils but also by means of rotor coils No. 7 and 8, Fig. 3, and stator
coils No. 9, 10, 11, 12, 15, and 16, Figs. 3 and 3A.

Discussion, pages 1203-1208, by Messrs. F. D. Newbury, R. E. Doherty,
W. F. Dawson, C. M. Davis and N. S. Diamant.
A discussion involving criticisms of author's solution of short-circuit

phenomena.

REACTANCE OF SYNCHRONOUS MACHINES AND ITS APPLICATIONS

R. E. Doherty and 0. E. Shirley Vol. xxxvii-1918, pp. 1209-1297

Part I treats of the calculation and application of the armature self-
inductive reactance of synchronous machines. A short, reliable method
is given in the form of curves, making the calculation from design sheet
data a matter of a few minutes.
An approximate, but convenient, method of applying the armature

reactance in the calculation of field excitation under load is given in
Appendix C.

In Part II it is shown that the initial short-circuit current of synchronous
machines is determined not only by the armature self-inductive reactance,
as is often assumed, but also by the field self-inductive reactance. Neg-
lecting the field reactance in calculation may give a calculated short-
circuit current 50 per cent or more, too high. A formula is derived for
calculating the field reactance which, added to the armature reactance,
gives the total which determines the initial short-circuit current and which
it is proposed should be called, as previously recommended by other
authors, transient reactance.
An attempt is made to describe the apparently complicated physical

phenomena of sudden short circuits in terms as free as possible from
mathematics. One interesting and important point which the authors*
establish from the physical interpretation of the problem is' that there is
a very significant rise in flux at the bottom -of the pole at short circuit.'
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Discussion, pages 1298-1340, by Messrs. C. J. Fechheimer, V. Kara-
petoff, F. D. Newbury, W. F. Dawson, C. L. Fortescue, H. R. Summer-
hayes, N. S. Diamant and R. E. Doherty.
A discussion involving a listing of various methods of determining

reactance and their feasibility.

CRITICAL REVIEW OF THE BIBLIOGRAPHY ON UNBALANCED MAGNETIC

PULL IN DYNAMO-ELECTRIC MACHINES

Alexander Gray and J. G. Pertsch, Jr. Vol. xxxvii-1918, pp. 1417-1424

The purpose of this paper is to serve as an introduction to the succeeding
comprehensive article by Mr. E. Rosenberg, on the subject of Magnetic
Pull in Electric Machines. The Maxwell equation, upon which all of the
formulas for unbalanced magnetic pull are based, is first established. A
critical review is then given of the articles pertaining to this subject, which
have appeared in the technical press to date. It is pointed out wherein
the various expressions which have been proposed differ from one another
and to what extent they are consistent.
No discussion.

MAGNETIC PULL IN ELECTRIC MACHINES

E. Rosenberg Vol. xxxvii-1918, pp. 1425-1469

See abstract of preceding paper.
No discussion.

ECONOMIC PROPORTION OF HYDROELECTRIC AND STEAM POWER

Frank G. Baum Vol. xxxvii-1918, pp. 1471-1475

This paper describes a new method of determining for any power system,
what proportion of generation should be hydroelectric, and what steam,
from the standpoint of economics.
A method is outlined for obtaining a curve showing "Total cost per

kilowatt-year for hydroelectric and steam power", for any percentage
combination of generation.
With system load curve, fixed charges on steam and hydroelectric

plants, cost of fuel and other steam energy charges all known quantities,
this curve can readily be calculated, and one can see at a glance the limiting
economical percentage of steam power for the given conditions.
No discussion.

ELECTRIC MOTORS IN THE CEMENT INDUSTRY

R. B. Williamson Vol. xxxvii-1918, pp. 1531-1567

This paper has been compiled by the Committee on Industrial and
Domestic Power to give general information regarding the different
classes of machinery used in the cement industry and the sizes and types
of motor best adapted for the work. The paper gives, first, a brief
description of the process. This is followed by an outline of the various
kinds of machinery used together with data as to power requirements.
The types of motor best suited to each application together with starting
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characteristics, overload capacity, torque and other features are indicated.
Discussion, pages 1568-1605, by Messrs. A. M. Dudley, A. Simon,

W. C. Kalb, L. Bradley, W. L. Merrill, H. D. James, F. J. Burd, E.
Friedlaender, W. T. Snyder, L. E. Underwood, S. Haar, J. N. Mahoney,
R. J. Dearborn, J. Dixon, A. L. Hadley, C. H. Sonntag, D. B. Rushmore,
T. E. Simpers, H. Weichsel, S. H. Harrison, G. H. Rowe, W. I. Slichter
and R. B. Williamson.
A discussion mainly on particular points to be emphasized in selection

of motors for the cement industry.

DRUM SHAPES AS AFFECTING THE MINE HOIST DUTY CYCLE AND MOTOR
RATING

F. L. Stone Vol. xxxvii-1918, pp. 1677-1695

The standardization of mine hoists, from an engineering standpoint is
considered impossible on account of the wide variation in the conditions
and methods under which anthracite coal is mined.
The problem of drum shape consists in varying the diameter of different

parts of the winding drum so that the load may be accelerated andl
retarded at the beginning and end of its travel with the minimum con-
sumption of power.

Numerical examples of the performance of various drum shapes under
assumed conditions are given.

Discussion (including that of paper by J. B. Crane), pages 1696-1708,
by Messrs. G. Bright, C. W. Parkhurst, F. L. Stone, E. J. Cheney, W. I.
Slichter, P. Kain, J. B. Crane, L. H. Rittenhouse, C. A. Adams and L. S.
Randolph.
A general discussion with particular emphasis on figures for kw. hr. per

ton mined of both anthracite and bituminous coal.

AMERICAN ENGINEERING RESEARCH

W. R. Whitney Vol. xxxvii-1918, pp. 1709-1721

Discussion incorporated with that of paper by R. A. Millikan on
"Research in America after the War."

RESEARCH IN AMERICA AFTER THE WAR

R. A. Millikan Vol. xxxvii-1918, pp. 1723-1734

Discussion (including that of paper by W. R. Whitney), pages 1735-
1746, by Messrs. C. E. Skinner, E. E. F. Creighton, P. G. Agnew, C. H.
Sharp, E. P. Hyde,L. T. Robinson, R. A. Millikan, M. W. Franklin,IC. A.
Adams, J. B. Taylor and G. F. Gray.
A discussion including various suggestions on the solution of the

research problem.
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Eccentricity, dynamo electric machinery, unbalanced magnetic pull 1455
Education, committee report.. 743
Efficiency, turbo-electric, 1903 to 1917....... 705
Electric furnaces, development of... . 710

power, hydro, Ontario (See Power, hydroelectric, Ontario,
etc.)

service, cost and quality, effect war conditions . 1
systems, interconnection, advantages. 709

sixty-cycle vs. twenty-five cycle. 710
welding (See Welding, electric, etc.)

Electrical Engineering Progress, a Review of (President's Address) 703
machinery, committee report .... 720

Electrification, Montreal tunnel...... 1637
catenary system.. 1644
lightning arresters. . 1647
locomotives, description .......... 1640
method of driving tunnel......... 1638
motor cars, data. 1643
substation. . 1639

Electrochemistry and electrometallurgy, committee report. 728
Electromagnetic theory, matter, applications. 261

atoms at great distance. 282
crystal structure. 278

b ulkmodulus 281
ejected electrons, high velocity.. 275
hydrogen atom, number of elec-

trons... 292
ionizing voltages... 277
line spectra and Rydberg's Con-
stant.a 274

"quantum theory " 262
retarded potential 262
rings of electrons. 270

energy of separ-
ation. 275

orbit size. 280
speed of.273

Rutherford-Bohr atomic theory. 264
two electron problem. 282

magnitude
of force 284

two natural divisions.. 266
weight of atoms. 289
X-ray spectra 275

Electrometallurgy and electrochemistry, committee report.728
Electrophysics, committee report .737
Elevators, cement industry, electric motors for .1537
Energy supply, America's .985

coal..985
production, yearly figures. 986

generating stations, automatic ......... 996
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Energy supply, America's (continued)
hydroelectric stations, a p p) a r a t u s re-

quired...... 992
simplification of 994

induction generator stations, field for. 998
characteristics. 999

solar radiation .... - 991
steam turbine induction generator sta-

tion, automatic .. 1004
use of oil as fuel........ 1011
wave and tide motors..... 1012
wind as a source of power . 1011

Engineering research, American. . 1709, 1723
Engineers and the War. 945
Equalizing connections, dynamo-electric machinery.1461
Excitation, alternating-current machines, calculation of.1293
Field current, calculation, synchronous machines. 1500
Fixation, atmospheric nitrogen, electric power for. 957
Flashing, protection from, d-c. apparatus.1341

barriers .1348
causes of sparking 1342
circuit closer collector

rings. 1355
high-speed c i r c u i t

breaker ..... 1344, 1348
high-speed fuse ...... 1347
reactors ...... 1343, 1347

Flux, air-gap, analysis, synchronous machines. 1490
effect of slots. 1492
variable field current 1491

distribution, alternators, salient-pole, sustained short-circuit 1141
control, synchronous machines. 1483

Flywheels, application of, rolling mill drive. .478
Frequencies, 15 cycles, development. 84

25 cycles, history of 69
60 cycles, history of 67
60 vs. 25 cycles, transmission problem 80
133 and 125, history of 66
European practise 86
ship propulsion problems 85
technical story of 65

Fuse, high speed. 1347
Generating station, hydroelectric, automatic .. 1367
Generators, direct current, constant potential, variable speed. 1405

variable speed, flux
curves. 1408

variable speed, wir-
ing diagram. 1406

variable speed, volt-
age curves. 1407

induction, characteristics 999
instability conditions. 1004
steam turbine, automatic 1001

three-phase, commutator. 367
Grinders, finishing, cement industry, electric motors-for.....-. 1562

preliminary, cement industry, electric motors for. 1553
Harmonic analysis, applications to synchronous machines 1477
Harmonics,no-load flux wave, synchronous machines, calculation of. 1282
High-tension, cables, 3-conductor, dielectric power loss, measure-

ment. (See Cables, high-tension, 3-conductor, etc.)
Hoists, mine, drum shapes. 1677

cylindrical vs. cylindro-conical.1698
horse power calculation. 1683
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Hoists, mine, drum shapes (continued)
methods of coal handling . 1678
question of standardization ......... 1679
typical duty cycle. 1680

power consumption figures..... 1700
Hydroelectric and steam power, economic proportion, determina-

tion.. 1471
plant, automatic. 1367
Power Commission, Ontario, electric generation

(See Power, hydroelectric, Ontario, etc.)
stations. electric equipment required ... 992

simplification of........ 994
Impedance differential.............. 760
Inductive interference, abnormal conditions................. 505

a-c. railroads.......... 503
balanced and residual voltages. 505
classes of...... . 511
communication circuit, biased bells... 520

coil magnetization. 516
double railroad

trolley ....... 520
drainage coils 518
false bell ringing ... 514
fire hazard ........ 515
induced voltage,

values of ....... 513
interruption of ser-

vice ............ 514
noise ........ 514
relay sets....... 520
resonant circuits. 519
sectionalization ... .518
shielding conductor 519
shocks........... 516
transformers neu-
tralizing. 517

unbalance of...... 507
disturbances, affecting characteristics. 504
factors involved....... 508
parallels, transpositions within.......... 507
prevention, means of .517

methods, Broad Street-Paoli on
Penna. R. R .... 527

New Canaan Branch
Line............ 525

Norfolk and Western 526
railway circuits. 521

Woodlawn-Stamford
line.......... 522

telegraph circuit, impedance distribution. 538
in series ...535

parallel resonance circuit 533
remedial system .533

telephone systems... 511
Industrial and domestic power, committee report ............... 731
Instruments and measurements, committee report .741
Insulators, high-tension, committee report. 724

line, design ...... 805
comparison with old designs. 813
dielectric field distribution........... 807, 810, 814
internal stresses.... 809
lightning. 809
mechanical breakage. 808
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Insulators, line, design (continued)
porosity s..... . ...... 808, 820
proposed commercial.. 813
side pull resistance.. 822
surface leakage .819

distribution... 808
resistance per shed. . 819

three-piece type....... 814
two-piece type ... . . ....... 815

failure, causes............................... 807
tests, 60-cycle flashover ........ 816

Kilns, cement industry, output formula....... 1603
rotary, cement industry, electric motors for .............. 1566

Leakage, end connection, synchronous machines.. 1224
tooth-tip, synchronous machines........ 1216

Lighting and illumination, committee report........ 722
systems, underground, design of (See Distribution, under-

ground, etc.)
Lightning arrester, spark gaps ....... 833
Machinery, alternating-current, commutation .. 353
Magnetic pull, unbalanced, dynamo-electric machines, bibliography 1417
Marine, committee report......... 753
Matter, electromagnetic theory of, applications (See Electromag-

netic theory, matter, etc.)
Measurements and instruments, committee report .741
Meter, block interval, area of indefiniteness . 195

thermal storage, actual vs. theoretical performance. 207
comparison with "block interval" type 193
demand.... 189

construction diagram ............ 190
operation of . 191
proper time period. 209, 212
used as motor protection. 215

logarithmic average. 192
Mines, application of electricity to, committee report. 740
Mining, coal, anthracite, electric power for. 1671
Montreal tunnel, electrification. 1637
Motor generators vs. converters. 81

rating, mine hoists, effect of drum shape. 1677
Motors, auxiliary, steel mill drive. 491

operating manipulators.492
capacity, rolling-mill drive. 463
electric, cement industry.1531

affecting conditions.. 1535
bearings.. 1536
belt vs. chain drive.. 1592
brushes... ...... 1571
controllers for ..1580
crushers.. 1540
drive................. 1536
dry mill, flow sheet.... 1533
dust proof bearings.... 1587
elevators and conveyers ........ 1537
finishing grinding ........... 1562
frequency. ................ 1536
intermediate crushers .... 1550
jaw crushers............... 1543
kiln output....... . 1603
load factor....

1537
overload protection. . 1588
preliminary grinding .......... 1553
rating ........ . 1536
rotary dryers.......................1553
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Motors, electric, cement industry (continued)
rotary kilns.... 1566
service......... 1536
starting conditions .............. 1536
type....... 1536
voltage........... 1537
wet mill, flow sheet .............. 1532

induction, 25 vs. 60 cycles..... 77
magnetizing currents, primary.. 619

secondary . 620
polyphase; speed-torque, speed-current, cur-

rent-torque curves .. 649
power factor, improvement of. 356
single-phase, counter e. m. f. generation ....... 633

load conditions.......... 636
magnetomotive forces and mag-

netic fluxes.... 629
physical conception of operation. 627

squirrel-cage rotors....... 599
use of phase advancers .. 79

polyphase, commutator, City of Paris installation....... 366
maximum speed range.......... 365
performance shown by secomor 329

induction, commutator on primary...... 306
brush shift-

ing mech-
anism... 319

p r o p e r
number
of slots.. 324

s p e e d-
torque
curves . . 318

starting ... 320
vector dia-

gram... . 307
commutator on secondary......... 302

diagram
of con-
nections 305

neutralized, commutator conduction... 296
shunt. 295

repulsion, compensated.. 374, 383
rolling-mill, classification... 463

determination of motor capacity .474
limiting fea-

tures . 489
time of pass,

effect of .. 485
energy required for rolling. . .465, 468
fly-wheel application.... 478

size of wheel .480
h. p.-time curve. 477
relation of mill speed to tonnage .470
selection of mill. 464

single-phase, commutator......... 367
no-load conditions... 539
series, elliptical field... 377
use on traction systems ........376, 381

synchronous. cement industry. 1592
three-phase, commutator, application of... 331

armature supplied line voltage 332
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M\Iotors, three-phase, commutator, (continued)
armature supplied through

transformer ................ 332
brush shift.. 334
characteristics ............. 331
diagram of e. m. f's.......... 337
effect of series transformer .... 345
fundamental armature proper-

ties.................... ...333
input, output and efficiency. 341
leakage inductance ..... 339
m. m. f's. 334
ohmic drop, iron loss, friction 339
power factor.... 341
saturation curve. 339

speed ..........................340
torque .........................336

squirrel-cage, commutator.. 382
Networks, polyphase, solution, symmetrical coordinates method.. 1027
Nitric acid, methods of making ......... .......... ... 960
Nitrogen fixation, ammonium nitrate, consumption in GreatiBritain 973

arc process, temperature equilibrium ..... 977
coke oven and nitrate plants .968
direct vs. indirect process making nitric acid,

tabular comparison ........... 961
electric power for. 957, 965

location of...... 966
methods of making nitric acid...... 960
nitric acid by indirect method, cost of materials 964

cost of plant ... 963
production, efficiency of ............ 978

Norwegian process...... 976
size of present industry......... . 972
utilization of off-peak power.. 967

Oil circuit breakers, rating and selection (See Circuit breakers, oil,
etc.)

110,000-volt transmission, St. Lawrence River crossing.. 1653
Oxide film lightning arresters (See Arresters, lightning, etc)
Phase advancers, use of........ 79

converters, no-load conditions (See Converters, phase, etc.)
Phenomena, short circuit, sustained, salient-pole alternators......l 141
Polyphase, machinery, commutator . 354

motors, shunt (See Motors, polyphase, etc.)
networks, solution, symmetrical co-ordinates method 1027

Potential, constant, d-c. generators, variable speed.'. 1405
measurement, standard cell, substitute . 167

Potentiometers, standard cell substitute ... 167
Power circuits, transposition of. 897

electric, mining, anthracite coal.. 1671
comparative steam costs.. 1672
typical load curve ....... 1673
vs. bituminous coal........ 1673

factor, induction motor, improvement of...... 356
hydroelectric and steam, economic proportion, determina-

tion..... 1471
load factors. 1473

Ontario. . 1607
Central Ontario System. 1616
Eugenia System.... 1614
Muskoka System....... 1611
Niagara System.. 1622
Nipissing System.. 1611
Port Arthur System....... 1610
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Power hydroelectric Ontario (continued)
Queenstown Development. 1626
Rideau System..... 1621
Severn System. 1613
St. Lawrence System...... 1620
system map...... 1609
Wasdell's Falls System.... 1613

industrial and domestic, committee report. . .... 731
loss, dielectric, measurement, 3-conductor cables (See

Cables, high-tension, 3-conductor, etc.)
stations, automatic.......... 996

committee report... 755
systems, underground, design of (See Distribution, under-

ground, etc.)
transmission, cable, aerial....... 791

Pre-charged condensers, in series and parallel (See Condensers,
pre-charged, etc.)

Precipitation, electrical, dust in cement industry .1573
President's Address . .391
Primary dielectric ......... 760
Progress, electrical engineering, a review of (President's Address). 703
Protection, balanced, split-conductor cables (See Cables, split-

conductor, etc.)
flashing, direct-current apparatus..... . 1341
lightning, causes of insulation failures... 855

oxide film arresters ...... 871
spark gaps...... ......... 833

Protective devices, committee report ......... 739
Quantum theory, matter....... 262
Railroads, alternating-current, inductive interference (See Induc-

tive interference, a-c. railroads, etc.)
electrification... 712

advantages, President's address ......... 391
Railway, motors, light weight, advantages .... 717
Reactance, armature self-inductive, calculated vs. test values .1212. 1214

synchronous machines, calculation and application .. 1209
measurement, various methods 1298
tooth-tip leakage. 1216

transient, synchronous machines, short circuits. 1248
Reactors. 1347
Reduction factor, flux, synchronous machines.. 1481

voltage, synchronous machines. 1482
Relays, split-conductor cable, current-balance protection......... 765
Reports, committees, technical. . 715-756
Research, engineering, American.. 1709, 1723
Resistance, differential. .760
Rolling-mill motors, capacity of.. 463
Rutherford-Bohr atomic theory, matter.. 264
Rydberg's constant, electromagnetic theory matter, equation 274
Schrage motor, connection diagram . 305
Secomor, illustrating performance of polyphase motor ... 329

use of..... 342
Secondary, dielectric... 760
Self-induction, field, synchronous machines, formula calculation.. 1275
Short-circuit, sustained, salient pole alternators ..... 1141
Single-phase motors, induction, physical conception of operation

(See Motors, induction, single-phase, etc.)
Skin effect, conductors, strap..... 1392

tubular and flat. 1379
coefficients for calculating........ 1383
various thicknesses .. 1384
-V4rious types, comparison curves. J139§
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Solar radiation, source of energy...... 991
Spark gaps, lightning arrester.. 833

needle, time and voltage for spark-over...... 860
vs. sphere, comparative settings. 861

sphere vs. needle points........ 857
Split-conductors (See Cable, split-conductor, etc.)
Standard cell, substitute for........ 167

description. 168
variable resistance element, ambient tem-

perature effect.. 171
variable resistance element, characteristics 169,172

variable resistance element, seasoning test 170
thermoelectric.. 175

ageing of filament ........ 179
characteristics . 180
circuit diagram. 176
constancy curves ....... 182
heating filaments and couple wires 178
operation.... 176
permanency tests. 181
temperature coefficient . 177
use of gas in bulb....... 179

Weston type, simple form..... 183
Steam and hydroelectric power, economic proportion, determina-

tion.... 1471
Steel-mill motors, auxiliary....... 491
Substations, automatic . 450
Switch, split-contact .. 760
Synchronous machines, reactance, calculation and application.. . . 1209

theory of, harmonic analysis, air gap flux. 1490
application 1477
armature re-

action .... 1495
field current

cal cula-
tion...... 1500

field leakage 1505
flux distri-
b u t i o n
control... 1483

fl u x reduc-
tion factor 1481

saturation
correction 1486

short-circuit
conditions 1499

unslotted
field sur-
face cor-
rection.. . 1488

voltage and
p o w e r ,
general
expres-
sions ... 1479

voltage re-
duction
factor.... 1482

motors, cement industry.... 1592
Telegraph circuit, inductive interference, remedial measures 533
Telephone circuits, transposition of......... 897
Temperature, rise, three-phase feeders single-phase load.......... 429
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Thermal storage meter (See Meter, thermal storage, etc.)
Thermoelectric, standard cell..... 175
Traction and transportation, committee report.... 715
Transformer, vaults, underground distribution, location ........ 437
Transformers, balancing or differential....... . 760

delta-delta bank, unsymmetrical, solution by sym-
metrical coordinates...... 1058

differential..... 766
Transmission, 1 10,000-volt, St. Lawrence River crossing.... 1653

cables ... 1660
description 1655
erecting

cables... 1661
founda-

tions of
towers ... 1657

ice protec-
tion..... 1664

insulators 1659
preliminary

i nves t-
igations. 1655

tower de-
sign..... 1657

and distribution, committee report... 724
line, insulators, design (See Insulators, line, design,

etc.)
tests, corona, high altitude . . 91

power, cable, aerial, construction .... . 791
Transpositions, coordinate, parallel power and telephone circuits 899

parallel circuits, conductive and inductive connec-
tions........ 900.

crosstalk, method of measunng .. 938
design of. ... .-----.-.. 897
disturbing circuits, classification

of .. 905
"exposed line" system. 900
induction, long circuits..-...... 924

number of parallel
wires.........................923

small induced effects.. 923
two long symmetrical

circuits........ . 926
two wires and ground

return.......... ...........921
length of barrels of power circuits,

effect of............ 906
phantom circuits ................ 903
system design...... 908

cost..... 910
neutral points. 909
non-phantomned cir-

cuits .910
special require-
ments ..... 909

telephone vs. 3-phase power cir-
cuits, typical arrangements.... 906

type unbalance ........ .. 902, 930
frequency effect . 932
phantomed cir-

cuits.933
typical arrangements, table ............-904
unbalance, irregularity in length

of circuit.... 930
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Turbines, steam, induction generator stations.. 1004
Unbalanced magnetic pull, dynamo-electric machines ......... 1417

Behrend and
Knowlton
formulas . . 1420

eccentricity
b i - polar,
cylindrical
field, dis-
t r i b u t e d
winding... 1451

eccentricity,
multi-polar
distributed
exciting
winding... 1441

eccentricity,
multi-polar
salient pole 1429

eccentricity,
salient pole,
bipolar.... 1446

eccentricity,
salient pole,
graded air
gap..... .. 1446

effect on criti-
cal speed.. 1465

effect on ec-
centricity 1455

equalizing
connections 1461

exciting coil
inequali-
ties... .. .. 1461

Fisher- Hin-
nen formu-
la ......... 1419

one pole or a
series ..... 1427

Rey and Su-
mec formu-
las........ 1421

Underground distribution, system design (See Distribution, under-
ground, etc.)

Vectorial balancing .761
Water power, potential, United States. 988
Welding, electric...... 1519

costs........ 1524
covered vs. bare electrodes.. 1524
direct vs. alternating current . 1523
kw. per welder..... 1523
methods of.... 1526
present status .1521
testing, methods.. 1526
training operators.... 1525

X-ray spectra.. 275


